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Gity of Tempte City 
Planning Department 
5938 Kaufman 

Temple City, CA 


ATTN: George Dragicevich 


Re. City of Temple City Seismic Safety and 
Public Safety General Plan Elements 


Dear Mr. Dragicevich: 


Forwarded herewith is the Seismic Safety and Public Safety Element 
report for the City of Temple City. The report has been prepared 
with the intent to meet and comply with current California State 
Guidelines governing preparation of these General Plan Elements. 


We commend the City for participating in the ambitious and innova- 
tive program which has resulted in the largest coorperative multi- 
government General Plan study in the state. 


Our appreciation is extended for the opportunity to prepare this 
challenging technical study. 


Respectfully submitted, 


\ 


Donald O. Asquith oseph G. Johns” 
Engineering Geologist EG 913 President 
Registered Geophysicist GP 86 
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Danivel J. Tay ior 
Zoologist 
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4521 Sherman Oaks Avenue ® Sherman Oaks, California 91403 © Telephone (219) 9866-4203 


"A bad earthquake at once destroys 
OUmOlCeSU aSSOCclalions:. 

the earth, the very emblem of solidivy, 
has moved beneath our feet 

Like. 28 bis Cruse. OVer eB. CiM1d: oo. 

One second of time has created in the mind 
a strange idea of insecurity, 

Which pours sot relilection would” no. 
have produced." 


~Charles Darwin, 1835 
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Before the 
(Name of City) 
Resolution No: 
In the Matter of ) RESOLUTION ADOPTING SEISMIC 
) SAFETY & SAFETY ELEMENT oP 
SEISMIC SAFETY & SAFETY) 
) 


GENERAL PLAN FOR (Name of City) 
PLANNING 


WHEREAS, the State of California Planning Law (Government Code 
Se. 05302( tm) end —65502.1 requires that each city adopt a Seismic 
Safety and Safety Element of their General Plan Program. 


NOW THEREFORE, BE IT RESOLVED, that (Name of City) adopts the 
West San Gabriel Valley Seismic Safety and eafety study with the 
following modifications (if any) as the Seismic Safety and Safety 
Element of the General Plan for (Name of City) serving as a working 
document which will continually meet said requirement. (Document 
modifications) 


THE FOREGOING RESOLUTION was passed and adopted by (Name of 
City) this day of pW Aer 


ROY ans 
NOES: 
ABSTAIN: 
ABSENT: 


Signed: 
Name & Title 


ATIES I: 


I hereby certify that the foregoing 

3S e@ true copy Gf a resolution of the 
(Name of City) duly adopted at a regu- 
lar meeting thereof held on the 

day of oi o. 


at Sed: 
Name & Title 


roi base (t4Tae 


7A Sites te ferent? ane 


wou 
folded uae Jae 
thom ynitvolio 
aid Io Jasmect 
dotcw. Ineaus66 
farmitaottitoa 


oil) @ Natale aa ye Sa san MUETUIOCSA Fel oS2e0t ANT 
uyet ; hs 1G 


_ wine (xeko 
:2ava : 


- 


i 


se Buu 
sMIATERA 
/THACEA 


sTEZTIA 


tafe Yilsies ydsted I 
aoe ® Ta > spi? 2 af 
ive (421930 sash) 
Towed! ariteen te! 
ever Se sc, 70. 


me 


a | 


Credits: 


George Dragicevich - Planning Director 


Petrick U.hichards.— Assistant Planner 
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PIGURE 1: 


GEOLOGIC HAZARDS IN CALIFORNIA 


TO THE YEAR 2000: 


A $55 BILLION PROBLEM 


Loss OF 
MINERAL RESOURCES 


Ser SBI ULION 


LANDSLIDING 
$ 9,9 BILLION 
EARTHQUAKE 
SHAKING 

$ 21 BILLION 


FLOODING 
S65 OB ELL TO 


s 
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[etes sot Sects $600 Million 


Expansive Soil $150 Million! 
Fault Displacement $76 Million 
Volcanic Eruption $49 Milligas 
Tsunami $41 Million 
Subsidence $26 Million 


St 
2 nnaEHRHeEkEttktftkkE:iE: iE: \ 


Source: Urban Geology, Master Plan for California, Bulletin 198 


2% TO 1dentaly.) appraise, nd reduce mitieatable Seismic, 
SCOLOg TC, Vimeo, aondedinundation, haczarde. tocan acceptable level 
Of MASK With tie overall objective of reduce loss mialifer 
injuries, damage to property, and social-economic dislocations 
resulting from such natural occurrences. 


3s To meet contractual obligations entered into with the 
Caty. of vempmlel City: 


4, To assist in allocation of public resources in Temple City 
and to develop information regarding safety and seismic hazards 
and thereby to develop a systematic approach to the protection 
of public health, safety and welfare from such hazards. Such 
information and protective devices are designed for further 
Judicious growth and land use policies in conjunction with 
Deeviously established .Cityapolieies contained within the Gan= 
eralarian,. 


The Safety and Seismic Safety Element is designed to serve as 
aepolicyeagocumentytor usesby Planning s: Building, and) Public 
services Departments, other concerned governmental and pri- 
Valeuagencies, and individual citizens), on the nature and 
Extent Of) geologic and other natural hazards in.Temple City. 
For the Cicy eCouncil Vande Planning Commission, thesSafety tand 
Seismic Safety Element provides a reference to be used in 
connection with their decisions on private development, cap- 
ital improvement programs, and other implementation matters 
WLC their jurisdievion. 


The Policy Recommendations and Implementation programs con- 
Lodmed herein ysare intended  Gorprovide directtron-and a course 
OU TUtugew ac llOie sor meaucine maulral ana man-made: hazards an 
COUP esUl tVete bisecuch, BoaekSelstinc, —fecokogice fave and “inun-= 
dation considerations should play a major role in determining 
future land use. 


On Approach 


Thcough (Ne PROV Ss Tons snade: in the-contracc with-Temple City 
and as @ basie philosophy sinithe conceptual discussions pre- 
liminary to its development, the study has been completed in 
EWOPCOMPONeERt eepOlibesee rious. wihcehitsus Gne Polvcyakeport, 
CONCePnSs Presently Andy tuvure ampli cavione=toelrpyeporicy white 
the second, the Technical Report, addresses the technical re- 
Sear Cit edna wyses. nome Dati pipes: 


the Policy Report bes ipeen prepared as a “model” report designed 
toOljaddvess isersmic) and tothertnatural hazards as delineated in 
Che Technica percpoOriaws ene nmintenr “nas beem to develop a planning 
tool for use by city government in implementing the Safety and 
De Pomc Uke Oy FP LeCHeonm. | ne Daest CleOreanmaza tonal Ssuructure and 
MeunOdGlOry under Which =Chismstudyewas undercaken is illustrated 
Sige. layMatee Oe = hayes y- 


TECHNICAL REPORT 


PORT CYS RELORT 


RESEARCH 


Identify Problems 
and Data Needs 


Conduct Research 
Open and Current 
Files 


Perform Original 
Research 


Perform Liason and 
Coordination with 
Government Agencies 


Define Acceptable 
Msk Levels 


Idenfity Existing 
and Potential Hazards 
Related to Land Use 


FIGURE 2, 


Policy Committce Review 
and Direction 


Lend 


METHODOLOGY FOR TECHNICAL AND POLICY REPORT PREPARATION 
FINDINGS AND RECOMMENDATIONS 


ANALYSTS 


Evaluate Primary 
Scismic llazards 


Evaluate Secondary 
Seismic Hazards 


Evaluate Firo and 
Inundation Hazards 


Perform Computer Analysis 
of Data and Map Seismic 
Fire and Inundation 
Hazards 


Review Existing Plans 
and Programs 


Decide on Acceptable 
Risk Levels 
Rank Primary and 
Secondary Hazards 


Policy Committee Review 


and Approval 


Prepare Draft 


Technical Report 


Review and Comment 
by Citizen Partici- 
pation (optional) 


Prepare Draft 
Policy Report 


Policy Committco 


Roview 


Prepare Final 


| LOCAL ACTION 


Citics 


Adjust Policy 
Report to fit 
Local Conditions 


Technical Report | 


Including: 

- Geotechnical 
Findings 

- Engineering 


Considerations 


- Technical 
Recommendati 


Including Policies & Recommendations: 


Adopt Public 


Safety Element 
of General Plan 


ONS 


Prepare Final 


Policy Report 


———————— 


General Plan Relationships 
Building Code 

Erutic ira ciloEVes 
Mitigation Measures 

Policy Recommendations 
Adoption Procedure 
Resolutions 

Further Research 

Update and Review Procedures 


SSS 


Safety and Scismic 


| 


| 


Ties DasiC phi Losoply eunder aware tbs reporl Nas, béen prepared 
is that the intent of the Safety and Seismic Safety Elements 
ise Oo plant andspreparec for thesiuture based upon what. we. know 
today, rather than waiting until we know all that we would 
like to know. 


Ds Goals 


Coeds for they combined, oatety and, Seismic Safety Elements Study 
are we Owe CoMscLaveneni. Cf COMmUnEty—wide aspirations. The goals 
presented, below, are; considered: to beat. least.the minimum require-— 
MeCWMG Ore DesckevmenVirOnmMenia LOC UbewCLtazens. OL Pempie ‘City. 


Allocation of resources toward achievement of these goals will 
Dewey Continuing consideratilom of decision makers. over; along 
period of (time an the achievement. o1 these coals can. be. met. in 
NUMEROUS! Ways.) SUCH Ass provisions of sadequate medical. facilities 
eNGmomoper Ol sasver plannin@ Dy carrying our programs. nat 
SECuSCUPEe Sl COn Ici cmreopOny sone Dy sinTormMinge tne Cicrzency 
and government employees of their obligations in time of emer- 
Cency Ct eny Indie WhHOULCwomcevereECuses corse Ver -OCCuUr 11 
Lempre Cut yo ate Wale De~ VOLVO the —Civlgenry CO make many of the 
CoC SONS wmNeCCeCocomVse LOraunemsavying OO: Lifesand property. Govern-= 
Me wietcCent Nepa DIt No Cannoul CO SO Wiunoul Che consent and 
Sooke a Ce Ono NCH usc cen Ue LS UilcecroGiable UO expec, Ulla 
SOVErNMen vA can dorChe Sob alone. 


General Goals under which this study was undertaken include: 
a. Prevent On Ol Ser lous UM Wise aillan LOS cmt elie 


The 1933 Long Beach Earthquake and the 1971 Sylmar-San Fernando 
Harunduake ave, Caueit Us Many Lessons In Uisesver preparedness, 
DUCLOtNe sce uy. anc macgarar preeventLom. elie "Conclusions pre— 
sented in this report are based, in part, on the knowledge gained 
Trom Chose experiences. 


Personcie wiv. Oss, Ole lite, Cot, Ve reduced Im an earthquake, 
One of the most obvious ways to cut down earthquake "risk" is 

to design structures to accept a "reasonable" amount of ground 
Shakin eS WENO Nei IicuiCine Structural Col lansinie. 


NGes Of Fl tre encOpreveny Tone or Serious 1miury is -avprimary re- 
Sponsibilivy Of Wocalegovernment= ano snould spe eaverrnignest 
DraOrivy 20 en fUb tc oatery, program. 


eb . Prevencion Of Serious suructural damecerto critical 
faciiivles and structures where large numbers of people 
are "ape TO "COneregate au one time 


Hoo heat Se ecCommunum carton bacd tics, publtemfacatities, schools, 
Nm eine Gite Colla Acoli Giress SnouUlde bDemdesiened COlUrunct ion 
aber a core mOUc wen ica OnmLO Meat akentin regard’Lo these 
SEermetlres Will depend Upon the “acceptable risk” that a com— 
(inte, ee tcoaiele eo COn QiCcie® Ur. 
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Ss insuring the continuity obviated services and Tunctions 


Paes Codd so most LpOrtantl, an anv Gisasver.  -lt- is, one of 

the most important functions of government simply because there 
is unlikely to be any other organized source of leadership in 
asmajor Gisasver. 


Emergency preparedness should include provision of food, water, 
and shelter, fire control and prevention, flood control mea 
sures, emergency medical care, police protection, utility ser- 
vices, and disease prevention measures. Responsiveness to 
secondary hazards in an earthquake may be more important than 
the actual earthquake damage itself. An example is the poten- 
tial Van Norman Dam disaster after the initial San Fernando 
Barthquake in 1971. It is estimated that over 80,000 people 
were living or working below the dam. Had the dam broken, then 
the disaster would have been far more severe than it was. In 
order to insure’ the continuity of Vitel ‘services, “planning 
ahead" is essential. 


Ae Education of the Community 


This.goal is a necessary ingredient to the success of any plan-— 
Mane EloOrw, Joe toweetOLesCOebesb layed Dy school districts, 
DUDITG arencies, business firms jo sand Ovhner civic minded indivi 
duals who have any interest in the safety programs of their 
communities. Bach Cary must assume part om this respousrod lity 
along with other public agencies. 


Bs Technical Conciusicns 


Ther DOC WeseCCvOnw Sei ieerdelaLOnleileecr those smporcvante Con— 
clusions, or Lindings, from che, vechnical sections, of the Safety 
and Seismic Safety Elements which may require direct response 

byscity @overnment. Thegrange of responses may, vary trom. sim 
pie acknowledgement to a complete change in city code, zoning, 
or the General Plan itseltf. 


Major conclusions fvom the Technical Report. are as follows: 
safety 


dee The riskviromeiire poses anajor proplem drm the hilly 
terrain.of the San Gapriel, Mountains: 


ae Medium fire risk is also present in the chamise-covered 
slopesainethesRepett oe Hid s. 


ae The Major risk Gor loss, Or lite om property due to fire 
ljes in the transition areas between the: Valiley and the 
hills. These areas are presently vulnerable and as 
developments extend sturtner antostne dT oounltreareas tne 
situevion will become more Critical. 


an Significant portions of the urban areas bounded within 
the study area would be exposed to medium fire risks due 
to burning embers carried aloft and. later deposited by 
Santa Ana winds. 


oe If complete dam failure were to occur, it would most likely 
be caused by a major earthquake on the Sierra Madre Pau Gg 
System. Existing dams that could be affected by “such an 
evenv "are the Bie* Santa Anita, "Devil's Gate, Eaton Wash, 
Sawpit, and Sierra Madre. — 


en! Areas that may be subject to inundation in the event of dam 
‘failures have been mapped based upon current Department 
of Water Resources and Los Angeles County Flood Control Dis-— 
trict records. ; 


Seismic Safety 


MEA thesCityaol Temp lenCity is Glocated in .a Sei1smeca lily jactive 


region. 
ae The Phase II program of the Division of Mines and Geology 


(1974-1975) for the delineation of Special Studies Zones 
required by the Alguist-Priolo Act includes the "Sierra 
Madre-Santa Susana-Cucamonga" fault and the "Malibu Coast-— 
Raymond" fault. oe 


en The states of activity of the major faults affecting Temple 
City have been evaluated using available published and un-— 
published data, including detailed mapping, which was sup-— 
plemented by local field examinations and aerial photo study. 


als The San Andreas fault is active and is expected 
to be the source of a magnitude 8.0-8.5 earthquake 
in the near future. : 


lee On the basis of available information, faults of- 
the Sierra Madre fault zone, two adjacent faults, 
the Duarte and Lower Duarte faults, and the Raymond 
Hilleiault are considered active. 


Cc. The Sycamore Canyon fault can be considered potentially 
ecluVyeraeAGdi tioned otUdLes,are.,advasaple:. 


as The Eaton Wash, San Rafael, Eagle Rock, Workman Hill 
Extentaon, York Boulevard, Highland Park, and Elysian 
fOuULT Sear Canetaconsidered activesinsthis. study, for 
various reasons (refer to Technical Report). 


ie AVaitoD Le ui mC t Caves wunainasuriacés Punture associated 
WiC Deiau Lo movements can, be vantacipated ons, the San Andreas, 
DLeC re Mates Darl e and lower tDuarte, Vand. Raymond Hild 
Pawhts Z4ones. 


a The primary seismic hazard in the study area is strong 
to severe ground shaking generated by movement of the 
sLerra HModre, San Andreas, or Raymond Hill: faults. 


aie The design earthquakes along the Sierra Madre and Raymond 
Hill faults, discussed-under Risk, will. provide,thesmost 
severe ground shaking, although the risk is less than for 
the event along the San Andreas fault. 


(8 Microzonation of the study area is based on the distance 
to the earthquake-generating fault and the type of earth 
material present. The latter include bedrock, thick (200'+) 
alluvium; and thin (0-200') alluvium. The generalized char- 
acteristics of expected shaking to be applied to each use 
in each of the zones in the City are summarized in NS 
10 of the Technical Report. 


8. Liquefaction is not considered a hazard in Temple City. 
Or Landslides are not considered a hazard in Temple City. 
uO Tsunamis are not a hazard in the study area, but seiching 


Generated sby “trltine “ory the ground surface north or the 
Sierra Madre fault may be a hazard at Santa Anita and 
Sawpit Dams. 


Ee Risk 


The Council on Intergovernmental Relations (CIR) Guidelines sep— 
aratves risk invo three distinct “cavegories: 


ile Acceptable Risk - level of risk below which no 
Specific action by fovernment 1s: deemed to ibe 
necessary. 


os Unacceptable Risk - the level of risk above 
which specific action by government is deemed 
to beenecessary “to procece life and property. 


oe Avoidable Risk - risk not necessary to take 
because individual or public goals can be 
achieved at-the-same, or less, total’ "cost" 
by other means without taking the risk. 


Appropriate risk should be determined with maximum citizen input. 
In making this determination, the appropriate planning response 
to a potential heen involves a judgment, either expressed or 


SHO Cie. One ie Sk Uhat s eccoppaple. there 12 no such thing 
as a perfectly hazard-free environment. latural and man-made haz-— 
ards of some kind and degree are always present. However, efforts 


CAI De DrOdUCU Ives, undertaken to try to mitigate the consequences 


of known hezerds. 


al 


In the context of the Safety and Seismic Satety Bhementsy the 
problem of risk Fe one of publica pouley and) the aporourLave 
ilocabion of DUDI Ie “resourecs seo Mipieave hazards. ethe planners 
responsibility is to provide a framework in which a community- 
wide, as opposed to an individual, response to the questions of 
risk can be meaningful. The first of several essential steps 

is the recognition of whe presence OnmamiieZ ade 


Once a problem has been recognized, considerable effort is re- 
quired to evaluate its likely severity, frequency, and the char- 
acteristics of the area involved. This step should take into 
account the benefit/cost ratio of reducing hazard, acknowledge 
the intangibles involved, and compare ea Wwa oie bot OU Ouner Dro— 
Hects So elhe. facvors Or voluntary and involuntary exposure Ee 
risk must be considered in reaching a decision. 


Since it is the public that both receives and eventually pays 

for the protection, the choice Of phe Level 26 whuch risk becomes 
"acceptable" is a matter of public Muyo Vemeiumiwuul ohne Cever— 
mination being made by their elected representatives. 


The following discussion is intended to quantify risk and to pre- 
sent recommendations regarding acceptable risk where appropriate. 
Such recommendations are based upon Pechnice sy findinics. 2ashpre— 
sented in the Technical Report. 


Ly Fire Hazard 


The risk of wide-spread fire in the heavily populated valley 
Ploon is low to megilacibles eihe hillside areas to the north and 
Wee COMpruse™ Unree additional risk categories - medium, Navalen ger 
and extreme, based upon four determinants (1) human proximity, 
(2) vegetative cover, (3) slope, and (ipjmaccese. selhous als possi— 
ble combinations are shown under each risk category, for stack- 
ing tends to occur among risk determinants. The risk areas are 
shown on Plate II, and a summary of what factors constitute each 
category is presented below. 


Extreme Risk 


Vegetation: chamise chaparral 

PIgO wt mo ye fronting developed areas and/or, west 
of fire prone communities 

NECeS sr limited, topography extremely variable 

Slope: steep (402+) 

High Rusk 

Vegetation: Woodland-grass 

Proximivy: Panei ne ieom areas frontamns 
developments to packcountry 

Recess. somewhat limited 

Slope: moderate (20-402) 


-—9- 


Medium Risk 


Vegetation: grassland, lesser-developed 
sage scrub 
lige ak lalicnigs Vicinity -of developed.areas 
west of fire sources 
Access: available 
Slope: level to gentle (0-207) 
Low Risk 
Vegetation: cultivated/urban - barren areas 
Proxim via: developed areas 
Access: available 
Slope: flat 
a Inundation 


In this report, we have based decisions concerning acceptable 
risk relative to ilood daivndatiommosconprise only ~hose areas 
subject: to inundation Withinwne first sixty (60) minutes 
followine: a dam faiduredsea milace lly) 1. sOur principal reason 
for ‘this jJudement tse “one houryshoula be sufticient in verms 

of emergency response organizations, and trained personnel to 
effect positive action to mitigate inundation effects on loss 
Of Labier 


In terms of acceptable risk relative to inundation, we have not 
attempted to segregate risk levels. We have, however, made 
recommendations relative to land use in areas subject to possible 
inundatlon Inthe sevent tor fa (daemr failure tnssection IV. 


on Seismic Hazards 


In this study, primary seismic hazards encompass both potential 
ground rupture and ground shaking. Although these two seismic 
hazards are obviously related, for purposes of better problem 
definition, each has been discussed separately below: 


Gis Surface Rupture 


From analysis presented dn the Teehnical Report, the Sierra Madre, 
Raymond Hill, and Duarte faults must be considered capable of 
generating surface rupture. These faults should be thought in 
terms of a zone rather than Sicineleatault trace. ™Cconsistent 
with this concept on Plate I, we have indentified a "Hazard Man- 
agement Zone" 1/6 of a mite wideson either side of the most ac- 
tive or projected active’ traces of each fault... Iv is: within 
this Hazard Management Zone that the most recently active seg- 
ment of each Taule or fauleszonercaneabe considered to exist. 
Fach fault zone occurring within the Hazard Management Zone most 
likely does not encompass the entire Hazard Management Zone, 
however, this approach is consistent with current Alquist—Priolo 


eileen 


legislative work being performed by the Gouscory a Vay Son OL 
Mines and Geology in regard to active and potentially active 
fault (reter vo Pechuucas Report-Appendix B). 


The Hazard Management Zone should be tought of in tverms of 2 
special area requiring future geological investigation to 
determine the exact location and Vacteral exeenn of poventvial 
ground rupture. Such studies should be made consistent with 
guidelines established for conducting Alquist-Priolo Geologic 
Hazard Zones investigations (Technical Report-Appendix Bees 


HOorepUrpCs eae or discussing potential ground rupture relative 

to land use (Section IV), we have referred to the entire Haz- 
ard Management Zone (HMZ hel vie send. Use Mmavrixe, -Lhis.zone 
(HMZ) should be considered a separate zone aparo. from whey. ine 
hazard, ground shaking and slope instability zones as shown on 
Plate Tne) Whe discussione ot acceptable risk under ground motion 
ie fap D Cable en tite problem of ground rupture. 


Des Cround Motion 


The technical Analysis of earthquakes to be expected from faults 
effecting the study area has defined these events in terms one 

a magnitude and recurrence interval. The level of is os 5 OC w= 
ated with each event is tndicated by vhe recurrence interval 

sn much the same manner as the risk from other natural hazards, 
ach as flooding, sis scetiied =by) 4 recurrence interval. For 
example, it is common prac Ulcers sO design flood-prevention works 
to accommodate the flows from a UWO0syear soorm.)) Where a hae tier 
level of protection is desired, as for example alone Lae 0S 
Angeles River, the desiew devels are increased to accommodate 


the flows from storms occurring at roughly 300-500 year intervals. 


The choice of a particular earthquake, for which protection is 
Go be DroviGaed. involves a determination of acceptable risk. 

tne ceneral, | oneeriolk of occurrence decreases as the magnitude of 
the potential earthquake increases. Since the cost of providing 
protection increases as the macniuude of the "design earthquake" 
4s dhcereased, there isa point at which the Gos .OL, providing 
protection becomes prohibitive when considered in the light of 
the cost involved. Design for the 100-year event Sound. be 
considered minimum; where a higher level of protection is de- 
sired. suc ase! Or hospivel ss, cesien levels should be increased 
GO Drovect against earthquakes with longer recurrence intervals. 


In Temple City we are primarily concerned with the Sierra Veadre: 
Raymond Hill, San Andreas, and Whittier faults.  Desben magni= 
tudes for three levels of Nuse" for earthquakes expected from 
fhese faults wseas Hol lows: 


Baus: 


Approximate Fault 


Recurrence (Source of Earthquake) 
IncGerves pLerra Raymond san 
Use (Years) »wWedre Hagel Whittier Andreas 


Limited Oceupancy 

(warehouses, auto- 

mated manufacturing 

Pacilit Tes Mere.) 50-100 —-# ba 0 Loi 225 


Norma LSoccupancy 

(residences, nor- 

malby oceupied. fac-— 

tories’, etc.) 100-200 65 5.6 Be oD 


CriGiCealy act aie ies 

(hospitals, fire and 

DOlwce Sta luons. 

Schools, “cris lead 

Utvile Gles, teven) 300-800 ees 6.5 G20 o.5 


* Seismic NiSsvory Or (ohe Bwlerra Madre taut Ssugzests that smaiter 
eartnduates Wille probably Tet occur Om Gis awit. 


Based Upon analysis Gan the Technicals heport relative to these 
faults, we recommend the above criteria to be utilized as a min- 
imum design in determining “acceptable risk" in Temple City. 


The risk of an earthquake on the San Andreas fault is a special 
case since @ major event. 1s ‘considered imminent. As a result, 
alt “structures except pessibily limited occupancy should be de-— 
Signed for an earthquake of magnitude 8.5 on the San Andreas 
fault. 


These probable earthquakes are translated in terms of seismic zon- 
ation, ground motion, and design criteria (response spectra) in 
the: echnical Report. Whe results point OuL Varying degreés oF 
unacceptable risk throughout the study area and demonstrate the 
need Tor Modir1 caviom to the Uniform Budildinge Code, as it now 
CRiLStS Tor erty cel tec) iaese eel ot the seismic, Zones. The 
response spectra should be analyzed by a structural engineer to 
devermine the appropragte Modificarions to the City of Pemple 

City Diiddine reode 


It should be stressed, however, that the above represent only 
recommendations of acceptable risk and the public must ultimately 
decide on the level of tisk’ they deem acceptable Tor each type 
ofthavards Purthers the public mustealso decide upon the vypes 
Of gana Wse that Would fal under tie, Tactin vy ciessifications 
Waimnited"™,. “normal” end “critical. Our recommendations rela— 
tive to these taciiivy clecsiticavions “are détaited under the 
Relationship to. land Use Gecteen of Chas report. (Section FV) 
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TAXONOMY OF CRITICAL FACILITIES 


Sn ee oh 
Povential) Bffrect Required for 
On Eossuof (Ete Community Functioning 
ee pc ee ee a ee 


Dams . X 
Electrical Sup-Stations | | xX 
Schools x 
Fire Stations 
Railroad Lines 


Pipelines 


rg SO 


Utility Lines 
County Buildings 


City Buildings 


PS ips Seg: abe $4 


Hospitals 
Water Works x 


Highway Patrol/Sheriff/ 
Police Offices | x 


Major Highways/Bridges X | ne 
Civil Defense Quarters x 
Theatres/Auditoriums and 

other places of public 


assembly with over a 
100 person capacity xX 
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Ee METHODOLOGY 
aie DisLPipwe von ot Resporstp uli cy 


The methodology under which this study has been undertaken places 
emphasis on those particular hazards that can best be defined 
OnMan arca=-wide pasia. “Natural hazards that must be evaluated 
as0a Dart Ol “individual Site investigations are treated lesa« 
Specifically with theriavent that the results be sed to facil-— 
Ilacee ube administration of puolie satety. The belacvonsnim and 
attendant responsibilities between this concept and the evalua-— 
tion Of speciite hazards te as follows - 


ae 


DISTREBUTION OF RESPONSUBILITY FOR 
EVALUATION OF NATURAL HAZARDS 


Hazard 


Paro & 


Responsible Sector 


Private 


a ee 


a. 
De 


Fault Rupture: 


BValIUa bl On-Off Laat 
DOCAE ON Baie Soe 


BRarthquake shaking: 


Sources 
General 
Shaking 
Effects 


of shaking 
levels of 


On Site 


Hazard: 


Res oeod 
PiEapeces 


occurrence 
on site 


Hi Flooding: 


a. 
De 
Ce 


as 
De 


Risk of occurrence 
Regional evaluation 
HETects oni-sice 


Dam (Dai lure= 


Risk of occurrence 
Birects cone 64 ce 


65 Landslide: 


a. 
De 


Ligquetaction. 


Regional evaluation 
BTTeEets On sire 


settlement, 


and subsidence: 


Gh 
De 


eae 


ot 


Regional evaluation 
BT Pects 0m s ube 


XXX 


XX 


XX 


XXX 
XX 


AXX 


Oe 


xx) 


XX 


XX 


XX 


XX 


XX 


pecondary responsibility 
Primary Dresponsiba tity 


Primary responsibility with determination of acceptable 


Pisk Wecessary. 


Evaluation requires determination of expected Shaking. 


ite 


ie primary wesponsipllity tor, evaluation of each aspect of a 
hazard eisesiowne Dy an "XX" "ands Dy! aoUK Xx ite determination 
ofvacceptavie rMiskis Unvolved. 9Thoseaspects for which either 
sector may commonly have a secondary responsibility are indi- 
Caveds Dy wane x Voetiher intense Covshow Dhev da stra butioneer 
responsibility for evaluation of a hazard; the overall regu- 
Laverye responsibilty. ore covernment. as not, included. 


The products developed in the study, as documented in the Tech- 
Micali Reportytare primaridy displayed. on Plates i and I2. -They 
include hagerd. management ,’seismic) slope instability, fire and 
inundation zones, and secondary hazard areas. 


ie. Types of Hazards 


The séveraliseismic hagardss da seussedsin the Clik. Guidelines 
Gan be grouped? asa cause-and-effect classification that is the 
baswvestorither order On theireconeideration. “Earthquakes ori- 
ginate as the shock wave generated by movement along an active 
fault. The primary natural hazards are ground shaking and the 
POvLenti ale forreroundirupture alongithne surtace trace of the 
faultesisecondary natvuralt hazards result from the interaction 
of ground shaking with existing ground instabilities, and in- 
CluGe Tigquetactiongyscuvlemenv.Vandsdandsiides and sseiches 
(waves in lakes or reservoirs). In this context, tsunamis, or 
"Cidal waves," and seiches (often considered secondary hazards) 
would be primary natural hazards. 


The potentially damaging natural events (hazards) discussed above 
mayeanteract with man-made "structures. Sif “the structure is unable 
to accommodate the natural event, failure will occur. The poten- 
Lial for such failure is termed a structural hazard, and in- 
cludes  noteoniy thes structures:ticmselves, OUY also the potential 
Dorsdamagesorninyury thac. couldseccureas tChelresult of movement 

of loose or inadequately restrained objects within, on or adjacent 
toa, Structure: 


A morewini dsepun adiseusston of searcthquake terminology and concepts 
is ine luded. tuwsectton Ceol athe Bechnical Report, alongs with a 
Glossary 01 Perms in back oi the Yechnical Report. 


Ce Seismic Ground Shaking Zones 


The derivation of the seismic zones have been documented in the 
Technacalmneportw. ThesMerhodology analyzes the variation in 
earthquakershakingiresulving fromvariation in earth properties. 
Vella Ouse Une sc cudy area were evaluaved at four Locations , 
(See page 50, Technical Report), Schosenifor their proximity to 
BOpUeatLon cenvers and avallabiijity of data to test critical 
VErPTAatlOnein earch vroperties. 


Sse 


The seismic zones are expressive of the level of ground motion 
that can reasonably be anticipated from earthquakes on the prin- 
cipal fault systems affecting the City of Temples Cl ty.q Thes char— 
acteristics of each seismic zone are represented by response 
Spectra which translate ground motion into displacement (inches); 
velocity (inches per second); and acceleration (inches per second 
per second, expressed as a percent of the acceleration of eravity)\ 
These three factors, which are derived from mathematical analysis, 
are essentially the descriptions of each seismic zone. These 

ave vyeneinecrane stools. Por) usescdn designing structures. 


In discussing the major groupings of the seismic Zones, the fol- 
lowing general statements can be made: 


1. The seismic zones have been derived from two 
basic sets of ecritéria: (a) distance from 
the source of an earthquake; and (b) geographi- 
cal differentiation of soil and bedrock condi- 
tions. Distance zones are expressed in Roman 
Numerical form and the differentiations between 
soil and bedrock have been expressed in Alpha- 
betical form. The combination of a distance 
zone (2, IL, Ill etc.) with a soil/bedrock 
ZOneu(AweB  oneC) consti tut ena particular seis- 
mic zene. 


a. he seismic Zone analysis is based upon the San 
Andreas, Raymond Hill, Sierra Madre, and Whittier 
fault systems as the principal sources of Strong 
ground shaking. 


Bx Soil and bedrock conditions within the seismic 
zones have been differentiated into three Ssigni- 
ficant zonesias. follows: 


Zone A —- Areas underlain by alluvium in 
excess of two-hundred (200') feet 
thick overlying bedrock. 


Zone B - Areas underlain by alluvium two- 
hundred (200') feet or less in 
thickness overlying bedrock. 


Zone C —- Areas underlain by metamorphic, 
granitic or sedimentary bedrock. 


De Hazard Management Zones 


Hazard Management Zones encompassing the Sierra Madre, Raymond 
Hills, and Duarte faults have been established in a manner con-~ 
Sistent with work currently being performed by the California 
Division of Mines and Geology. Such action has been taken be- 
cause cities located along these fault systems should expect the 
establishment of a Special Studies Zone, as required by the 
Alquist—Priolo Act, before the end of 1975. 


Beas ee 


Bis Pine, sinundation and secondary Hazard Zones 


The evaluation of earthquake-related geologic hazards, such 
ScielenGs widos. eulLeMeny el MOMehaciLOn Mele. and Aovher hazards, 
Sugi-as shere and inundation, has peéen based ‘On--reserach and an— 
Sy Cuseoheaveatcawle Mans ud yreporus , Study rol Macrtal-photvographs, 
and Original Pleld=mappine.-and survey work,» Emphasis) in this 

pant -of the investigation was. -placed on -areds .of expanding “ur-—- 
banivations™ The resuics, showa GnePlates~ lvand+Li. 
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La, HAZARD REDUCTION 
ee Pire-and Inundatadon Hazards 


TRE MOsSt ser Pectlvessvep gr reducing fire hazard in sfemple .city 
would be to initiate a public awareness campaign. Such a cam- 
paign should principally be directed toward the elementary school 
age Broup as itis this group that. isdlarcely responsible for 
Starting many of the disastrous fires in the past. Openhouse 
displays and fire fighting demonstrations have proven particularly 
effective in impressing younger children, as well as the general 
public, with the force and dynamics of fire. 


Aisde from construction of earthquake resistant dams, substantial 
reduction of inundation potential will be difficult to accomplish. 
This is mostly due to the extent and patterns of urbanization. 
Through the process of "acceptable risk" determination, choices 
could be made relative to land use/development restrictions in 
areas subject to inundation. In most cases, however, such de- 
cisions would likely be economically unacceptable. 


As a result, the principal avenue of hazard reduction lies in 
the enforcement of design and construction of dams to accommo— 
date any probable seismic force and secondary hazard that may 
occur at the dam site. The second major avenue would involve 
strengthening of existing community emergency preparedness pro- 
grams to efficiently evacuate those areas within the inundation 
boundaries. 


Bs seismic Hazards 


Two basic conepts should be considered in the upgrading and 
enforcing 6f buildings codes involving Seismic-risk. First; the 
primary role of government’ as related. Co seismic hazards is pro-— 
tection agains, loss vor Tite ori Serious injury of its citizens. 
To implement this concern, it should adopt and enforce a code 
for the design and construction of Mewlstructires thatewill pro= 
tect them, at an acceptable level of risk, against death or 
Serious 2njury. ~LU can be Saldethay a me erucuure which 1S not. a 
eritical facilnvy Ceriticalatacain ties arewerseparates issue) has 
performed well in en earthquake atino one is: killed or seriously 
injured. The structure may bewso damazed= that at is a total loss 
vo the owner, but. 10 is 2 success from the standpoint of public 
safety if Chere are novserious= injuries. Wnithis'concept, the 
role of government is limived voeprovadine= for public safety. 
Any additional costs required to protect the structure would be 
at wie owner's discretion. 


An alternative concept 1s suggested’ by wevents Pollowine the San 
Fernando earthquake in which a number of governmental agencies 
provided funds for repair of dameged structures. § Ini many cases, 
it has Not beem necessary Lo repey a, parurol these: funds) and-the 
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DUOULG es ae Whole (hosweacccuLed yay Teast 2 pact vol the cost of 
Pepa Mee SeruUCcUUres Ula weres Ungerdesiemed Tor the area in 
WUC ene vyaNere Dual, bei Cine mou pili does Ob Wiel tO WacCcept 
Cie FespOn on ois hoy Ol sDOUVelU Lain BeCelal vapendwne,, 10. Gould re- 
Quire Ghav structures be designed To. level that would include 
PrOLeC ULC eC otncy Stent Can uslenage ns iis WOuld be Core on 
TAe OSSUMD UO TOlMmb ial ik Ment mC LOOSE MNOLEreCuire appropriate 
design eriterpras tien -thneyvmay have Co pey*tne cost of repairing 
Structuree DULtt ail Mere matzarauus orcas OF acquire appropriate 
PnSsSUurance COy reduce Une risk vexposure. 


MiemoccOnd Dactoeconcepo LS ueheusCertolimeCrLLLCalelaciiligies 
SUCH eo swNOSeItole, 11 Pe sande poluce Slat tone, and .conmunications 
eenters will be required to function at peak efficiency in the 
hours immediately following a damaging earthquake. The level 
CP VOrotect.on desimoabie’ Tor ashome ‘or wan.oifice buidGing may 
mou De -acequate form the structures in which these necessary 
Servier. aren noused. 


During the hours: immeditavely following the oan Fernando earth-— 
quaké most of the hospitals in the immediate area could not 
finer lonsbecalse on damate, —comminicavionm facilities at crit- 
Hea ulOCAul One weremiOu Operative. and Tire, spolice and .ambu= 
Hance ;service Were severely reéstricved. This, experience empha— 
orzed the meed for a creater Tevel of, provection for Tacilities 
WeSsmemero Woe ch itmeal due bOme need LO Lunction win tne hours 
immediately following a-damaging earthquake (e.g., hospitals 

ang COmmuUnLcation facilitics), or because of an overall require— 
ment that the facility continue to operate (e.g., important gov- 
ernmental buildings). 


Tncereased protection tor critical facilities. can be applied in 
two ways. One approach is to require that the structure be de- 
signed for an earthquake with a lower risk of occurrence. Cri- 
wueceav act lities would be designed to withstand more intense 
Shake (han nmon-crivicalytaciiities'. 

Miseconan se oorocc)). 1s welaved sto dec ign level. jan issuc dis- 
cussed previously. Buildings, such as hospitals, must not only 
remain anvact, Oul MUSsL also. continue to function in a. manner 
such that potential victims of an earthquake can be treated. 
Mac Wot cnly reduives a stronger building, buy also area yer 
attention to non-structural items such as elevators, lighting 
fiiecures eis u] Obit yror storepcecabinetscuc. Tis Git Gers. Crom 
thewkirst. approach. i thevsempheasis is: placed’ on usabilivy one 
Ene macitiey carver, the deésteneseismic “Eyent.. 


Tn areas subject to potential ground rupture, the placement of 
eritical facilities must be considered with great care so as not 
to construct across or directly astride an active fault trace. 
The key concern here is that mitigation of actual ground, rupLure 
through building design is questionable and, in Most Cases, con— 
sidered impossible if displacement on the order Of a few Peer is 
ec Heme UCU. 


Eo eS 


Increased protection for critical facilities is a matter of 
public policy requiring public involvement at the decision stage 
and implementation in codes and ordinances by the elected repre- 
Sentatives of the people. Public schools and hospitals are re- 
viewed by the State Office of Architecture anda CONStruct ion «cr 
the Division of Mines and Geglogy, buv desien criteria for other 
facilities are determined by letal jurisdictions. 


Working under the seismic parameters as presented in the Techni- 
cal Section and as discussed under the "Risk" section, a syste- 
matic inspection and structural analysis of existing structures 
in Temple City should be undertaken. Such a program should be 
under the “direcy ion of the City ts Departmenu, Of Building and 
parety. The most important existing structures are, of course, 
Ceivical facimitvess and thoge designated as public buildings. 

It is with these buildings that the structural evaluation pro- 
cesses should begin. 


For existing structures that are non-critical in nature, Table 
A (abridged from Pacific Fire Rating Bureau) shows relative 
damagability of varying structural BYDCS. itis. table Can De 
used as a general indicator in older construction to es vale us 
a@ priority ranking for evaluation of non-critical structures. 
BS “an examples, bulidines with = high susceprability to damage 
rating (five or over) should be selected for structural inspec- 
Clon (before those with Jow ratings. 


Cr DeRuUctUral Hazardas 


Based upon the response spectra for each seismic zZ0one, a review 
Of the Uniform Building Code. 1972 edit One wcismic Desien Re. 
quirements have been made. Two approaches were taken. Ties first 
has been through engineering Judgment to apply a multiplier to 
the Uniform Building Code seismic design forces for teach seismic 
zone established in the technical PepOrtig the second is 4. con= 
ceptual approach to code revision for upgrading lateral force 
requirements based upon "use". Specific recommended code changes 
for seismic design should come from a code change committee made 
up of a seismologist, a geologist, a professional engineer and 
Lhe “icy buliloing officiel. The code change committee function 
for changes to the Uniform Building Code is currently and con- 
tinually being performed by the International Conference of 
Building Officials ana the Structural Engineers Association. 

ihe Caty of Temple City's adoption of any suitable Goede change 
will in no way interrupt the current code change ACL Lay Aid 
will not reduce the flexipi ligy enc tuncelom Of thie policy re- 
port. The geological and structural review has been keyed to 
critical facilities using criteria summarized in Table 10 of the 
Tischnical Report.” in mowcages shame wary building been inspected 
Lom Chis report... “This structuraimana| yc) s nace ad so focused only 
on the ability of a structure to protect the occupants of that 
Stbucture. Historically. -Gne urpose.od ache earthquake provisions 
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TABLE A 
HAZARD COMPARISON OF NON-—-EARTHQUAKE-RESISTIVE BUILDINGS 


Relative Damagability 


Simplified Description (in order of increasing 
of Structural Type susceptibility to damage) 
uma lilwooud=framemstructures, eile. zf 


aweiiincsinom overs S000rSd lant: 
anc Nov Over (3 “Stories 


Single or multistory steel—frame p85 
DUG led nesewatvnaconcrere exterior 

walls, concrete floors .vand-con=— 

erete roof. Moderate wall open- 

ings 


Single or multistory reinforced 2 
eoncerete buildings with concrete 

exterior walls, ‘conerete-walls, 

anadtconcrete roots «oderate 

wall openings 


Large area wood-frame buildings 3° toed 
and other wood frame buildings 


Single or multistory steel-frame y 
buildings with unreinforced masonry 

exterior wall panels; concrete 

floors and concrete roor 


Sine@le ior MuLurstory “reimtorced= 5 
concrete frame buildings with un- 

reinforced masonry exterior wall 

panels, conerete floors andecon— 

crete roof 


Reinforced concrete bearing walls 5 
with supported floors and roof of 
any material (usually wood) 


Buiidines with unreiniorced brick 7 up 
masonry having sand-line mortar; 

and with supported floors and roof 

of any material (usually wood) 


Bearing walls of unreintoreed adobe, Collapse hazard 
unreinforeced hollow concrete block, in moderate 
or unreinforced hollow clay tile Shocks 


| This table is intended for buildings not containing earthquake 


bracing, and in general; is applicable POM Se. OL Cere CONSE ruc tc LON. 


' Unfavorable foundation conditions and/or dangerous roof tanks can 


increase the earthquake hazard greatly. 
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of the building code have been to prevent loss of Pes HOt tO 
prevent damage to the structure. In no case should any con- 
clusions reached in this analysis be extended to include the po- 
tential range of damage to structures themselves. Conclusions 
pertinenteto existing structures relative’ to the Uniform Building 
Code tor eriticaliotracilities follows: 


iL Existing Structures 


Prior to approximately 1948, wood frame structures two stories 

or less should be considered safe. Other buildings constructed 
before 1948 should be considered Suspect. In all cases, unrein- 
forced masonry buildings should be considered hazardous. In the 
absence of detailed structural evaluations, all masonry buildings 
constructed prior to 1933 should be considered dangerous. 


For existing pre-1948 structures that have been labeled as "cri- 
Cleal facilities," such tas ‘schools and hospitals, there should 

be a detailed investigation to determine the structural Lancer lly 
of the building. For all structures, special attention should 

be given to such questions as the anchorage of the roof and floor 
to the walls, the walls to the foundation, the anchorage of the 
chimney to the roof framing, the anchorage of exterior ornamen- 
tation, parapets and roofing tiles to the structure and the amount 
of discontinuity in the structural framing of each bus ri. 
During the recent Managua earthquake it was found that the collapse 
of suspended ceilings presented additional hazards to CCCUpants, 


ae Future Structures 
Comparison of the reponse SpeECtUra mim the echnical ReporG with 
earthquake provisions of the Uniform Building Code, 1973 edicien, 


indicates additional lateral force design requirements are needed. 
The following chart summarizes these conclusions. 


Soe 


Subsite Des ten eatorce Mul tower MOoditicacvions te 


Zone CopUBCeZonecy LL WECM Lord by 
TRA 22 High 

EEA pS Medium 
TLE aiy aingh ab Low 

IVA signa Low 


ANSecond approach ainvolves establishment, of. ay"ise factor" (1) 
Hased or une, occupancy vor tne wbuLldineg anc. applyaine, dt to exist— 
Mie) boner bk LOme eG reduuvements: wy Che code... ULilinineg a use 
Pactom does nou Welete or ater any emisting ces ten require 
ments, rather the "use factor" expressed as a multiplier builds 
upon the present code acknowledging the fact that "occupancy" 

CS oS open ei Canupicicw. 0 Oe OligeCONnsL cUCinIOn. Ol Elric cura t 
systems" when establishing the lateral force design requirement 
win kiss lei) whanskegheze 


The following is a suggested breakdown by occupancy group uti- 
Vizing the wse factor (i) asa mulviplier bo. increase, the: lateral 
NOad) Pest seule Capac liy Ole LOLs wuld t Onem Occipancy Levels 
ane (Creu Lead Geac Tire es,. 


UBC Occupancy 
Designation Use Use Factor (u) 


As iase. ge) assembly bldgs WS 
stadiums 
theaters 
schools 
hospitals 


ie ae work shops ieee 
service stations 
storage maraces 
svores 
Gpbibikeies |o Nees 
municipal bldgs 
power plants 
racvlories 
warehouses 


at hotels JP cad 
apartments 
condominiums 


ie! dwellings G8 
private garages 
tanks & towers 


An additional refinement under this approach would be a further 
breacdown Of Une Sroupines such as critical facilities! WEthin 
Mune pele bud danesof thel Hk, B. «GG sgroup could have am eddi- 
tional cr sot tires tations. police Taciiatiee and com- 
Mii cCacuon centers. 
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Critical facilities shown to be of inadequate construction should 
be noted and scheduled for demolition or ReElnLOrcement. On 4 pri- 
OPivy Uasie. — li ac: te nor economically feasible to provide an 
adequate level of protection by strengthening a structure, a 
lower level of occupancy may De desirable. if many hish-risk 
structures are located in one area, redevelopment may be a solu= 
PaLOn. 


Owners of existing commercial and residential buildings with 
occupancy capacities in excess of 100 persovs, wlth obvicus 
structural weaknesses should be notified of Che Concitlorns so 
appropriate repairs can be effected. Tn cases where the pri- 
Vave Owner 1s reluctant oo: take appropriate actions or where 
tne COSUtS Of Frepairs are Pronipirtive, Che City should at least 
take measures to protect the Beneral puplic. 


A program of this type is not without many social and economic 
problems and may require several years to complete. A reason— 
able time interval for completion of such a structural analysis 
program of existing buildings would be five years. AS previ- 
ously discussed, earliest attention should be CPVer Or Ci G te Ge 
facilities. Their ability to function immediately after an 
earthquake will affect all of the citizens of Temple “CLGy, ard 
they should receive the highest priority. 


In considering future construction relative to secondary hazards, 
prime emphasis should be placed upon communicating to developers 
and builders the findings of thie CeEDOrt . 


ce taree Private Structures 


Builders of proposed high-cost, high-occupancy private structures 
Should be encouraged to review this report and modify the seismic 
design forces were indicated. podsauLonalivy, for ¢ritical facii-— 
ities, it is recommended that an on-site seismic-geologic study 
be conducted. Proposed critical facilities of more than four 
stories should be designed utilizing dynamic analysis procedures. 


4, Additional Engineering Precautions 


The preceding structural review took into account known informa- 
tion relative to damping and the natural periods of buildings. 
Horleritical Tacilities. esddica ona precautions should be taken 
for support equipment contained within the bulldinges.  ‘Rhe 
bracing and anchorage of all critical mechanical and electrical 
equipment (including Dbiping, light fixtures, tc.) should be 
analyzed and designed for seismic forces. The following publi— 
cations contain comprehensive criteria for this use. "Mechanical 
and Plectrical Bquipmens Supports," Kaiser Steel and Section 8 
of "Seismic Design of Buildings" T™ 5-809-10; NAV FAC P= 3552 Ain 
Force Manual No. 88-3, Chapter 13 (available to most government 
agencies). 


Bee ope 


By General Programs for Improving Seismic Safety 


Two major programs should be vattained alongwith implementation 
Omari e UDC gomntet yrandise smi cr pahery Wehements an Emergency 
Disaster Plam should (be formulated, wand a Public Awareness Pro- 
gram initiated. 


Barthquake Disaster Plan 


An Emergency Disaster Plan should be formulated which would 
enable the City to be self-sufficient in the weeks following 

a severe veartnquake, sSucheas a magnitude 7obrevent on the Sierra 
Madre Tauby. 


An Emergency Disaster Plan should provide for emergency medical 
Facilities, temporary shelter, emergency communications equip— 
ment, and emergency water and food supplies. Since a large earth- 
guake will severely affect many cities and hundreds of thousands 
of people, the efforts of Federal and State emergency services 
will be severely overextended. It is advisable that Temple City 
be prepared to serve itself and maintain continued functioning 

Of Necessary Services ravher than expecting adequate aid from 
outside organizations. 


Public Awareness 


A’ program vowinerease public awareness oOlVearthquake firevand an- 
UnGavLionssateuy snould be inttsaved. “Tne program could. ber pre- 
sented as a series of Community meetings or Seminars. It should 
Stress Minimi gine Mazards tm the mome, andeprecautions to be 
taken after the occurrence of the earthquake. As an example, 
Appendix “2 (fvom California Geology, 1971) presents a compre- 
hensiveslrst of eetions wnat en tidividual can take to minimize 
injury and Mossetn thetevent-of an earthquake. 


Eire Plan Update 


In Ubidizgine: this study and adopting asSarety and Seismic Safety 
Element, the City must provide the updating and continuance 
mechanisms necessary for improving safety standards of their com- 
MUnTtys iss pare of this process, a Monivoring and Suicvier tance 
system which utilizes information developed by the various state 
and federal agencies as well as colleges and special interest 
@roups should be established. It is suggested that the City be 
responsible for working with these collectors to analyze informa- 
Gtion exchanges of importante and relay pertinent fa nediness. TO 
various city departments for consideration. A formal mechanism 
such as the recommended Seismic Committee could facilitate this 
eoordination. 


The Technical Report suggests site-by-site analysis will be 
necessary. “liise ds a pert) ot plan updave ane Informavion base 


yi 


expansion which should be considered for heuristic improvement 
of decision making related to Seismic Planning. A program of 
major policy update every five years should be undertaken by 
Gach PESpectivel local eovernment.) - in tne sevenc of 2 change in 
the base data caused by a major earthquake, it may be necessary 
to formulate a regional study group such as has been undertaken 
in this study to reformulate or reconsider this plan and its im- 
Dili Pons. 
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Ve. REG AILONS HEP Sa tO WOTHHREGHRNERALA PLAN BLEMENTS 
AS Land Use 


BascaeOn -ahalysisveCr povenvral Seismic, fire, ainundation, Jand 
secondary. hazards, recommendations..in matrix form are presented 
for building type/land use with respect to each type of hazard 
ZOne mm elhewaectsionssreached intpreparing such recommendations 
ane ssuby ecu to the public @ecision makingsprocess, in the same 
manner as is the concept of "aceeptable risk". .The judgments 
are, however, intended es statements of planning consideration 
relative to future land use in each hazard zone. 


in reviewing juhe recommendations expressed in the matrix) sev— 
eral concerns, should be recognized: 


ee Crtercal facimities should not, bevconstructed Sin sebsmic 
ZORECSPLE Sale. Or wih snorssnourdetitey De placed within areas 
subject to liquefaction or inundation (within 60 minutes of dam 
failure) = Until such’ time as in-depth study for General Pian 
revision can be accomplished, land use decisions should be made 
for non-critical facilities on a case-by-case basis. 


an Panos use convrolsemay be vesvaplished Tor those zones in 
which the effect of “stackine" (combination of individual nat— 

ural hazard zones) results in a high level of overall hazard as 
determined by analysis of the zones as they relate to the hazard 
Cavesorics. Sihe Neyer woPland use tcontrolmapplied will be directly 
related’ to the level of potential hazard. 


ia Housing 


Thee Technicals Heport f£indings=indscate Mmestricvions should be 
placed @on housing: construction in au leastathe areas of extreme 
fire hagard end hignestope instability wasrwellwas astride or 
ALOp terages @f the Sierra Madre, Raymond Hil, -and Duarte faults 
(Plate I). lesser restrictions may include prohibiting untreated 
wood shake roofs in transition zones between the valley and hill- 
Side areas, strensthening or replacing seismically unsafe struc— 
tures, and requiring all new construction to be in conformance 
With Seismic modifications oisther City buiadding code. 


Gr Open Space 


Areass whach shouldbe: considered wor Opem space, Zoning include 
dands=s designated @s extreme fire wisk, active landslides, ex- 
treme slope instability, and the flood plains directly below 
thesbic Sante Anita se Devils Gate statonaWasn, (sSawpit, and 
SierraeMiebdrercdama mds, Well gacsactivie traces sor the Sierra Madre, 
Raymond Hill, Duarte and Lower Duarte. 


SO 


SEISMIC, FIRE, INUNDATION, 
AND SECONDARY HAZARDS ZONES 


BUILDING TYPE/LAND USE (SHOWN ON PLATES I & IT) 


TRA, tie | ea ee 


NORMAL 


PALES ACL LILES 


CRITICAL 


LIMITED 


PACELLI ES 


| Railroad Lines. 


Power Plants (nuclear, fossil fuel), large dams, Civil Defense 
Headquarters, Major-BlectricalsFaciisties. 


Power Communication sub-stations, Hospitals, Schools, Fire/ 
Police offices, Radio/TV/ Microwave stations, Major Highways/ 
Bridges/Tunnels/Aqueducts/Pipelines, Public Buildings, Theatres/ 
Auditoriums, Sewage Treatment Plants, Water Works, Utility Lines, 


Office Buildings, Commercial Centers, Hotels/Motels, Heavy Indus- 
trial, Minor Public Buildings, Most Roads, Gradecrossings , Minor 
Utility Operations. 


Residential Housing (Attached/Detached) Single Family, Apartments, 
Condominiums, Townhouses. 


Light Industrial/Commercial Factory/Warehousing operations, Service 
Stations, Large Recreational Parks, Managed Mineral Resource Development. 


Regional/Community Parks, Minor Recreational Centers, Open Space, Refuse 
Dasposal sicvese Agriculture. 


Explanation 


& Generally Suitable © Provisionally Suitable @ Generally Unsuitable ® Restricted 


Notes: This Chart is for General Land use planning only. Suitability for specific site must be confirmed by 


further investigation. An area evaluated as generally unsuitable for a particular use does not neces- 
sarily preclude the use, if no other suitable alternative sites are available, and provided that all 
potential hazards can be mitigated. In the case of restricted areas, mitigation is extremely diffi- 
cult and in some instances, impossible. 


*For purposes of this evaluation, flood inundation includes those geographical areas capable of being 
inundated with flood waters within sixty (60) minutes of a dam failure. 


[By Cire la tuen. wean spOrlabLon 


Theecarculet. on Metworkae pranciped Ly freeway overpasses and rail 
pradeuseparatilonspwalis be thard hit. in the event of moderate to 
large earthquake on the Sierra Madre or Raymond Hill fault sys- 
Cemseusine: eltrects sexpected, Will bewmsimiar to what occurred in 
the Sylmar-San Fernando Valley area in the 19/1 earthquake. The 
response spectra presented in the Technical Report of the Seismic 
Safety Element should be used by structural engineers in the 
evaluation of existing freeway overpasses and other important 
grade separations. New construction of bridges, overpasses, etc. 
=HOULGwalscOolmeLluze: Gels ca response Cee leih Criver ia. 


Special consideration of expected damage to the circulation net- 
work should be anticipated in the community emergency preparedness 
Dilan. Assumpoutons regarding failure OF Overcrossings, especially 
in Seismic: Zones! 1 and IP should be. made and alternative, evac-— 
uation and/or supply routes established: in the plan. 
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sae PUBLIC SAFETY POLICIES AND IMPLEMENTATION 
RECOMMENDATIONS 


The following represents a summary of the important findings in 
the Technical Report of the Safety Element and is presented for 
VEVIEW and AGopclon, bY tne City. Counce. l. 


Ae Policy Recommendations 


slic Initiate educational programs in lower grades using 
displays and demonstrations that would expose younger 
children to the nature and strength of fire. Such pre- 
grams would tend to replace their natural curiosity with 
a Sense. Of respecs.. 


Cn support or sponsor exhibits and presentations in secondary 
schools which demonstrate the more involved aspects of 
fire dynamics, 2se..,. major CONCYI butane factors to fire 
hazard and thevretationship 01 firme to whe nabural ecology. 
Encourage parental cooperation and assistance in overall 
fire education programs. 


Sh Improve power and gas line inspections and new installations 
through a coordinated effort between Southern California 
Edison, Southern California Gas Company and Los Angeles 
County Fire Department. 


4, Encourage and support continuing "mutual assistance" agree- 
mencs MEtWweem the Tire depattiments sor une local cities, Los 
Angeles County and Anceles National Forest. 


Se Review and evaluate proposed land uses in areas of inun- 
Hatton hazard. 


6. improve Civil Defense capabilities in areas subject to 
potential dam inundation in order to shorten times re- 
quired for emergency evacuation and mobilization efforts. 


ii Actively support efiorts to inspect dams and evaluate 
dam safety requirements. 


on INVESGLSate Siting sor Luvure critical Tacilitves in only 
those areas beyond the 60 minute line that signifies the 
time between dam failure and inundation. 


9. Support or sponsor flood plain studies along Eaton Wash, 
santa Anita Wash, Arroyo Seco, Monrovia, and Sawpit Can- 
yons; and other ‘smaller drainage areas to better equip the 
oan Gabriel Valley area to deal with flooding problems. 


koe Make available Technical Kheport findings to developers, 


industrPialites, “and appropriate Civic eroups ain areas 
effected by potential dam inundation. 
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Evaluate the impact on land use which results from 
"stacking'"' of multiple hazard zones. 


Community programs that train volunteers to assist 
police, fire, and civil defense personnel how to perform 
effectively after natural disaster, should be supported. 


Division 1 and 2 of Part 2 of Title 7 planning and land 
planning use section of the Government Code relating to 
subdivisions zoning ordinances require that all develop- 
ments be submitted for governmental review. The City should 
enforce this provision taking into account recommendations 
from the Seismic Safety Element. 


The City should develop an information release program 

to familiarize the citizens of the region with the Safety 
Element. School Districts and. agencies. related to aged, 
handicapped, and susceptible industries should be en- 
couraged to develop education programs relative to Public 
Safety awareness. 


Implementation Recommendations 


EDUCATION 


© Present Safety Element study findings using slide 


presentations and workshop meetings to schools, agencies 
related, tovaged, (handicapped, .ete.,. and susceptible 
industries. 


© Establish appropriate media for reaching different 
segments of the community and conduct presentations. 


O_ Present findings) to,appropriate civyie sroups. 


© Make available to builders and realtors findings of 
the Safety Element. 


© Encourage State, Federal, and other governmental agen- 
cies to intensify research on flood and inundation haz- 
ards. 


GENERAL PLAN 


© Relate findings of Safety Element to Open Space, Land 
User Circulation, Housing, and Scenic Hichways Plans, 


O Public Utilities and Municipal Agencies should review the 
Safety Element for determination of impact on storage and 
transportation facilities including gas, electricity 
and communication transmission facilities, water tanks, 
and major distribution/transformation network centers. 


aa 


° Southern Pacific Transportation Company should 
review the Safety Element with respect to possible 
impact on their transportation, storage, maintenance 
and station facilities. 


ORDINANCES 


© Review subdivision requirements and make recommenda- 
tions to the City Council and Planning Commission on 
implications on the Safety Element and make desired 
changes. 


© Review and update grading ordinances and pertinent 
administrative procedures. 


EMERGENCY SERVICES PROGRAM 
© Implement emergency service requirements of Safety Element 
in a declared disaster and coordinate activities of police, 


fire, civil defense and volunteer activities. 


° Prepare Public Safety disaster information release pro- 
grams for use in emergencies. 


© Restructure emergency services programs to include plans 
to deal with inundation in the event of dam failures. 


-34- 


Wide SEISMIC SAFETY POLICIES AND IMPLRMENTATION 
RECOMMENDATIONS 


The State of California considers the threat of earthquake 
serious enough to require a Seismic Safety Element in the General 
Plan of all incorporated governmental bodies. At the same time, 
it should be realized that the threat of earthquake is not the 
same at all times or in all places. This Seismic Safety Element 
traces the impacts of probable earthquakes on Temple City. The 
precedinp. discussionsvindicate, that-theyCity can®dinitiate many 
actions to counter these anticipated impacts. The most important 
implications of seismic safety are in terms of building and dis- 
aster preparedness. The following represents a summation of the 
important study findings and is presented as Policy Recommendations 
for review and adoption by the City Council. 


A. Policy Recommendations 
Ue Adopt the Uniform Building Code, latest edition. 


Ze The Building and Safety Department should use as a guideline 
the seismic zones and attendant response spectra for mod- 
Ipicacron of thesGity buLidinescode: fo bring 1 into con- 
formance with expected seismic conditions resulting from 
future earthquakes. 


oe A program of building inspection should be initiated to 
identify all structures in the City that do not meet modern 
earthquake standards for construction and conform to design 
CELECCELa Ol Ehermodt ited Oliv) DuLiding Geode. 


ay The Building Department should establish and implement 
programmco.conformato teurrent building standards’, 


oie The Technical Section of the Seismic Safety Element should 
be made available to developers for review and use when 
proposing land development. 


6 A building strong-motion instrumentation program should be 
institured tor buildings over Cour. (4) “stories! Am height 
with an aggregate floor area of 40,000 square feet or more, 
and every building over six (6) stories in height regard- 
less of ~Lloor area, if ’such buildings are anticipated. 


Le Emergency communication centers, fire stations, and other 


emergency service facilities should be examined as to their 
earthquake resistant capacities. 


et 


10. 
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14. 
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All critical facilities constructed prior to 1948 should 
be reviewed by a structural engineer for potential haz- 
ards. Since many of these structures have regional im- 
pact, the source of funding for the inspection program 
ought ot be at the regional level. High pressure natural 
gas, petroleum, electrical power transmission lines 
should be reviewed for safety and land use compatibility. 


A geological program to comprehensively evaluate the 
Sierra Madre, Raymond Hill, and Duarte faults in terms of 
recency of movement and location, should be supported. 


Community programs that train volunteers to assist police, 
fire, and civil defense personnel how to perform effectively 
after an earthquake, should be supported. 


Division land 2 7oLePart 2 of Uhiteteny planning and land 
planning use section of the Government Code relating to 
subdivision zoning ordinances require that all develop- 
ments be submitted for governmental review. The City 
should enforce this provision taking into account recom- 
mendations from the Seismic Safety Element. 


The City should develop an information release program to 
familiarize the citizens of the region with the Seismic 
Safety Element. School Districts and agencies related 

to aged, handicapped, and seismically susceptible indus- 
tries should be encouraged to develop education programs 
relative to seismic awareness. 


Upon adoption of this Element, the City should establish 

a Seismic Safety Review Committee to oversee the imp le- 
mentation of this’ element. This committee should be com- 
posed of the Director of Planning, the Director of Building 
and Safety, and at least one representative from each of 
police and fire protection service agencies. 


Establish a priority system of evacuation routes and cri- 
tical services to be provided in the event of an earthquake 
disaster. 


Actively support an Emergency Disaster Program of the City 
Objectives of the program should be: 


date to ave wlives and protectupropenty. 


b. To provide a basis for direction and control of 
emergency operations. 


c. To provide for the continuity of government. 


d. To repair and restore essential systems and services. 


ss fe 


To provide for the protection, use and distri- 


e. 
bution of remaining resources. 
f. To coordinate operations with the civil defense 
emergency ‘operations. of ‘other jurisdictions: 
Aes State, Federal and other governmental agencies should be 


encouraged to intensify research on seismic and other 
geologic hazards. 


boy The Seismic Safety Element should be reviewed by the City 
Planning Department annually and should be comprehensively 
revised every five years or whenever substantially new 
scientific evidence becomes available. 


BR Implementation Recommendations 
EDUCATION 


oO 


GENERAL 


O 


Encourge local school districts to present seismic study 
findings using slide presentations and workshop meetings 
to schools, agencies related to aged, handicapped, etc., 
and seismically susceptible industries. 


Establish appropriate media for reaching different seg- 
ments of community and conduct presentations. 


Present findings to appropriate civic groups. 


Make available to builders and realtors findings of the 
Seismic Safety Element. 


Encourage State, Federal, and other governmental agencies 

to intensify research on seismic and other geologic hazards, 
with particular attention to expanding research with re- 
spect to the Alquist/Priolo zones. 


PLAN 


Relate findings of Seismic Safety Element to Open Space, 
Land Use, Circulation, Housing, and Scenic Highways Plans. 


Urge California Department of Water Resources to review 
the Seismic Safety Element and forward comments regarding 
dams to the City Public Works Coordinator. 


Urge Caltrans to review the Seismic Safety Element with 

respect to freeways and other major highways and forward 
comments ‘tovthe City. “ Indivedual City circulation ele- 

ments should then be revised, if necessary. 
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© Support geologic investigation of Sierra Madre, Raymond 
Hill, and Duarte Fault Zones. 


° Public Utilities and Municipal Agencies should review the 
Seismic Safety Element for determination of impact on 
storage and transportation facilities including gas, 
electricity and communication transmission facilities, 
water tanks, and major distribution/transformation net- 
work centers. 


© Southern Pacific Transportation Co. should 
review the Seismic Safety Element with respect to possi- 
ble impact on their transportation, storage, maintenance, 
and station staciwla tres: 


ORDINANCES 


© Review subdivision requirements and make recommendations 
to the City Council and Planning Commission on implica- 
tions of the Seismic Safety Element and make desired 
changes. 


© Review and update grading ordinances and pertinent ad- 
ministrative procedures. 


© Update zoning ordinance and make desired changes including 
requirement of geologic and soils reports in moderate 
and high landslide risk, potential liquefaction and sub- 
sidence area, and critical seismic zones with the objec- 
tive to insure: public satety. 


© Establish procedures for dealing with geologic reports 
and investigations particularly when critical facilities 
are involved. 


EMERGENCY SERVICES PROGRAM 


© Implement emergency service requirements of Seismic 
Element in a declared disaster and coordinate activities 
of police, fire, civil defense and volunteer activities. 


© Prepare geologic disaster information release programs 
for use in emergencies. 
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CRITICAL 
FACILITIES 


NORMAL 


FACILITIES; FACILITIES 


LIMITED 


Power Plants (nuclear, fossil fuel), large dams, Civil Defense 
Headquarters, Major Electrical Facilities. 


TeuLone Industrial/Commercial Factory/Warehousing operations, Service 
Stations, Large Recreational Parks, Managed Mineral Resource Development. 


Power Communication sub-stations, Hospitals, Schools, Fire/ 
Police offices, Radio/TV/ Microwave stations, Major Highways/ 

Bridges/Tunnels/Aqueducts/Pipelines, Public Buildings, Theatres/ 
Auditoriums, Sewage Treatment Plants, Water Works, Utility Lines, 
Railroad Lines, 


Office Buildings, Commercial Centers, Hotels/Motels, Heavy Indus- 
trial, Minor Public Buildings, Most Roads, Gradecrossings, Minor 
Utility. Operations. 


Residential Housing (Attached/Detached) Single Family, Apartments, 
Condominiums, Townhouses. 


Regional/Community Parks, Minor Recreational Centers, Open Space, Refuse 
Despesal sites, Agriculture. 


ee ee — 


SEISMIC, FIRE, INUNDATION, | 
AND SECONDARY HAZARDS ZONES 
BUILDING TYPE/LAND USE (SHOWN ON PLATES I & II) 


LR ASO LEN ue IVA L Ls 


Explanation 
© Generally Suitable © Provisionally Suitable @ Generally Unsuitable ® Restricted 
Notes: This Chart is for General Land use planning only. Suitability for specific site must be confirmed by 


further investigation. An area evaluated as generally unsuitable for a particular use does not neces- 
sarily preclude the use, if no other suitable alternative sites are available, and provided that all 
potential hazards can be mitigated. In the case of restricted areas, mitigation is extremely diffi- 
cult and in some instances, impossible. 


*For purposes of this evaluation, flood inundation includes those geographical areas capable of being 
inundated with flood waters within sixty (60) minutes of a dam failure. 
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APPENDIX A 


EKarthquake Safety Procedures in the Home 


EARTHQUAKE SAFETY PROCEDURES 


Before an Earthquake 


1. Potential earthquake hazards in the home should be 
removed or corrected. Top-heavy objects and furniture, such 
as bookcases and storage cabinets, should be fastened to the 
wall and the largest and heaviest objects placed on lower 
shelves. Water heaters and other appliances should be firmly 
bolted down, and flexible connections should be used whenever 
possible. 


2. Supplies of food and water, flashlight, a first-aid 
kit, and a battery-powered radio should be Ssetr aside for wse 
in -emercencies . " Omricourse, sunis is advisable Or OLner uypes 
of emergencies, as well as for earthquakes. 


3. One or more members of the family should have a know- 
ledge of first aid procedures because medical facilities nearly 
always are overloaded during an emergency or disaster, or may 
themselves be damaged beyond use. 


4, All responsible family members should know what to do 
to avoid injury and panic. They should know how <0. Curr COLT 
the elctricity, water, and gas; they should know the locations 
of the maim switch and valves. ,[This 1s particularly important 
forateenazers wWhocare likely to be Alone With smaller children. 


Sy Neko eis aNoOce LmpOrleni tor a residents of California vo 
be aware that this is "earthquake country" and that earthquakes 
are most likely to occur again where they have occurred before. 
Building eodesathat require earthquake-resistant construction 
should be vigorously supported and, when enacted into law, 
should be rigorously enforced. If effective burlding codes 
and grading ordinances do not exist in your community, support 
their enactment. 


During An Earthquake 


1. The most important thing to do during an earthquake is 
to remain calm. If you can do so, you are less likely to be 
imjured we ylizyounare calm, those around you will have a greater 
fendency torstayscalm,voo. Make no moves or take no action 
without thinking about the possible consequences. Motion 
during an earthquake is not eOnetane; commonly, there area 
few seconds between tremors. 


Peete vyanweavres neiiena buliding, Stand Am @ svurong doorway 
or get under a desk, table, or pease Waceh for talline plaster, 
bricks, light fixtures, and other objects. Stay away from tall 
furniture, such as china cabinets, bookcases, and shelves. Shay 
away from windows, mirrors, and chimneys. In tall buildings, 
jt is best to get under a desk if it is securely fastened to 
the floor, and to stay away from windows or glass partitions. 


3. Do not rush outside. Stairways and exits may be broken 
or may become jammed with people. Power For elevarors and es— 
calators may have failed. Many of the 115 persons who perished 
in Long Beach and Compton in 1933 ran outside only to be killed 
by falling debris and collapsing chimneys. ty Olle rer 8a 
crowded place such as a theater, athletic SGa0num, Of -sLOLes 
do not rush for an exit because many others will do the same 
thing. If you must leave a building, choose your exit with 
care and, when going out, take care to avoid f olsen aCe DiS 
and collapsing walls or chimneys. 


4h, If you are outside when an earthquake strikes, try to 
stay away from high buildings, walls, power poles, lamp posts, 
or Other structures  enag may fall. falling or fallen electri-— 
cal power lines must be avoided. If possible; go to an open 
area away from aii nazards bucv do mov run "through the etreets. 
if you are in an Suvomobive? "Stop an whe wsatest possible place, 
which, of course, would be an open area, and remain in the car. 


After An Barthquake 


1. After an earthquake, the most important thing to-do is 
Go check for injuries Umeyour wanilyeand in Vine wieigibornood. 
Seriously injured persons should not be moved unless they are 
in immediate dancer of Turther injury. “Hirst aid “should be 
administered, but only by someone who is qualified. 


eo. “Check for fires and Tire hazards. ifedamage tas been 
severe, water lines to hydrants, telephone Lines, and fire 
alarm systems may have been broken; contacting the fire depart- 
ment may De “dibriculr. “some clures, such -as’san Brancisco, 
have auxtitary water systems end large cisterns ansaddition to 
the regular system that supplies water to fire hydrants. Swim- 
Ming “poole, creeks, Kkakes, and=@iish ponds are possibile emergency 
sources of water for fire fighting. 


Ss. Utility Lines=t0 your nouse — “gas, water, =and “electri 
City — and! supldances should soe cheekea for damage. » If there 
are gas leaks, shut off the main valve which is usually at the 
ras meter, Do not use matehes, Pighters, er open-flame appli- 
ances Until you ere sure Chere are no gas teaks. Do not use 
electrical switches Of appliances if there are gas leaks, be= 
cause they give off sparks which could ignite the gas. Shut 
off the electrical power if there is damage to the wiring; the 
Main ewlten usualy isin cCrenext CO theymain, Luse or circuit 
Dreaker box. Spiilbed=flammable fluids) medicines, drugs, and 
other harmful substances should be cleaned up as soon as possi-— 
DLS 


ht, Water lines may be damaged to such an extent that the 
water may be off. Emergency drinking water can be obtained 
from water heaters, toilet tanks, canned fruits and vegetables, 
and melted ice cubes: Toilets should nor=be, flushed until both 
the incoming water lines and outgoing sewerlines have been 


Cneeckea te see af they are open, If electrical power is off 
ROrmonvelleCnouhmot ies es plan TOmusemthe foodslin your refrig— 
Sraver wand freeser firstybetore they are spoiled. "Canned and 
Grled foods snould be saved Untal. Lasvu. 


5. there may be much shattered glass and other debris in 
GNemorca, (sO tele advisanle, GO wear siecs or boots and a hard 
hat if you own one. Broken glass may get into foods and drinks. 
haqusde «can be eltner strained through a clean cloth such as a 
handkerchiet or decanter. Fireplaces, portable stoves, or bar-— 
becues can be used for emergency cooking but the fireplace chim- 
ney should be carefully checked for cracks and other damages 
before being Used, Im checking the chimney for damage, 10 
should be approached cautiously, because weakened chimneys may 
ecllapseuwite tne sitentestror alversnocks. Varlvicubar checks 
Shnotula oe Made Gl the roor Mine ane in the atveic because unno=— 
PicCeawdanetercan Head ce 2. mice ew) GlOSeUSs and ObNer SLOrake areds 
enoutd be: checked for objeces that Have been dislodged or have 
faitede buy ie Coors smould tbe wpened careiully because of ob= 
jects that may have fallen against them. 


6. Po Novtise woe welepmone Unless Uhere is a genuine emer— 
gency. Emergencies, and damage reports, alerts, and other info- 
Mation Gan be Cbtaineo by turning on your radio. - bo not go 
sightseeing; keep the streets open for the passage of emergency 
Venicles end e€quipment. Do nou speculate or repeat the spec-— 
ULations Of Other — this is how rumors starv. 


7. Stay away from beaches and other waterfront areas where 
seismic sea waves (tsunamis), sometimes called "tidal waves", 
Could strike. | feain, your radia te the best source of informa- 
tion concerning the likelihood that a seismic sea wave will occur. 
Also stay away from steep landslide-prone areas if possible, 
pecuase aftershocks may trigger a landslide or avalnche, espe- 
G@ialiy @f there has been a lot of rain and the ground is nearly 
saturated. Also stay away from earthquake-damaged structures. 
Additional earthquake shocks known as "aftershocks" normally 
occur after the main shock, sometimes over a period of several 
months. These are usually smaller than the main shock but they 
can cause damage, too, particularly to damaged and already weak- 
ened structures. 


8. Parents should stay with young children who may suffer 
Osychological vrauma if parenvs are avsenu CUurine the Occurrence 
Of ahversnocks. 


G@ Cooperate wath all public safety and relief organizations. 
Do not go into damaged areas unless authorized; you are subject 
to arrest if you get in the way of, or otherwise hinder, rescue 
operations. Martial law has been @eclared in a2 number of earth— 
queke disasters. “In the VOOCMdteaster im San Francisco, several 
looters were shot. 


10. Send information about the earthquake to the Seismo- 


logical Field Survey to help earth scientists understand earth- 
quakes better. 


APPENDIX B 


Satety’ Element Guidelines 
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Government Code Section 65302.1 requires a safety element 
Giait “Cut vend Counuy General sorans, as Tollows : 


A safety element for the protection of the community 
frometipes, anc Ceoloric unazards including features 
Necessary tor such, DrPOveCt1OM, as evacuation rouves, 
peak load water supply requirement, minimum road 
widths, clearances around structures, and geologic 
hazard mapping in areas of known geologic hazard. 


2 MCHE OOOre, AND NATURE OF Giie  SAneG yy, BREMENT 


The objective of this element is to introduce safety con- 
S1decratlons, ti) tile wo lamiine orocess 21 order vo meduce Loss of 
Mme, injuries, damage to property, and economic and social dis- 
location resulting from fire and dangerous geologic occurrences. 


A. General policy statement that: 


Recognizes safety hazards 

ldentilies. costs for reducing. Hazard 

Specifies the level of acceptable risk 
Bpeciites Objectives vO De attained “in reducing 
safety hazards as related to existing and new 
Sharmila bhaterey 

So Seta COriorivies for tne abavement of satevy 
hazards. recognizing the varilabie trequency and 
occurrence of hazardous events. 


OURO a 


B. A map showing the location and extent of known geologic 
hazards. 


C. Standards and general criteria for land use and circulation 
Pelavuine co. 


1. Fire prevention and control 


2, ss GCeOlLoeicanavzards 
Do UConciderstion moy, be even vo che crime prevention “aspects 
of land use development such as planning for "defensible 
space... 


3... METHODODLOGs 


A. Identification, mapping and evaluation of existing and poten- 
tialshazaros, bpOun Aas to severity and frequency Of OCCURren Ge. 
Analysis of hazardous land use relationships. 


B. With maximum citizen input “acceptable risk" should be deter- 
mined. In making this determination, it should be kept in 
Tino teal anyuauvemp> to develop the appropriate planning 


response (CO potential hazerd involves, aujudgemens , e:ther 
explicit of implicit. of now much risk ts ecceprable. There 
is no such thing as a perfectly hazard—-free environment. Nat-— 
ural and man-made hazards of some kind and degree are always 
present. Wowever, eliorts cai be producuively Undertaken toa 
try to mitigate the consequences of known hazards. 


In the context of the Safety Element, the problem of risk 

Ls One Of. public policy “and whe appropriate, ol locaton of 
public. resources, tO Mitigate hazards. he Gérntral question 
is, "how safe is safe enough?" The planner's responsibility 
is to provide a framework in which a communitywide, as 
opposed to an individual, response to the question can be 
meaningful. The first of several essential steps is the 
recognition of the presence of a hazard. Much .of the plan— 
ning of the past has proceeded without enough knowledge of 
the natural forces at play in. @ given area. 


Once a problem has been recognized, considerable effort is 
required Co evaluate aus Dikely. Severity, srequency, and the 
characteristics of the area involved. “IMiis step should take 
into account, the beneric/coct eration of reducing hazard , 
acknowledging the intangibles involved, and comparing it 
With that, Ol souner Ipreliecte. - ihertectors of voluntary and 
involuntary <xposure to risk muse be considered in reaching 
a, CSCa Si On, 


Define nature and magnitude of effort requried to correct or 
MiLtigatve whazearGas. 


Define general nature of regulations and programs needed to 
prevent, Of Mitigate the etiects Jet hazards in the developed 
and natural environments. 


Exchange infermeataon land sdvice wath tire, police and public 
Works departments, oOvner aceneites, anc specialty personne. 
in the formulation of the» element. 


DEFINITION OF TERMS 


Acceptable Risk: The level of risk below which no speci- 
fie action by local government is deemed 
to be necessary. 


Unacceptable Risk: Level of risk above which specific ac- 
tion by government is deemed to be ne- 
Cescary (UO sproLecy bite and property . 


Avoidable Risk: Risk not necessary.to take because in- 
daviduel or public poals “can be achieved 
ab thervsame, or less Votal "cost" by other 
means without taking the risk. 


Detens ioe ppace: Concent of urban space désiened to 
iit Di eecrame by Usilizing the pro— 
prietary Concerns Of résidents. Key 
INgsredlenus in designing defensible 
Space inc LUGE mor Ovine® che natura. 
Capablituy Op cestOenrs tO. Visual Ly 
survey the publie areas of their re- 
Sident ial -envirouments enhancing 
Spieres Of VeECELLCria! Int inuence with 
LiWieche Ves aeioe Can CasilLy adope 
proprietary attitude; and enhancing 
safety through the strategic geo- 
graphic location of intensively used 
COMMU UY facrlic Tes. 


De RELATIONSEI?S OF THE SAPEVY BLEMEND 
isles To Other Blements: 


I. The Satety Element contributes to developing land use 
Standards and policves.. These will relate type and 
LWGenenG yhOu Use UO ulm Le VEU wor sa Sk trom 1 1Pe and 
PCOlOoeLe Nazards, CO the eErrecy "of Gevelooment woon 
Chatorrvek,, Gn CO ene avarlabilicy Of Services and 
facilities TG -cComobau. then. 


The safety element also contributes basic standards 
and rPequarementis to the circulation and optional. pub— 
Tie Wiiiioles ee leMmenrs ., ano Willi have important i= 
plications for the open Space and conservation ele- 
Menus. 


Con SeCoUSe GO Une Stren relearvlonsniLp with the Seismic 
safety Element, the local planning body may wish to 
prepare these two elements simulvanecously or to com- 
Dine ches BVO Molements Inyo a Single document. 


pe On OUVner. Factors: 


eS OCtalta ewe remeomu Mise Carecved=ay reducing social 
GUeSTOn Tia HOssmOra bine, Or pUDIIG Or private 
GisloOcatrions increasing Lhe sense of community secur-— 
ity and well=beine. 


Pee ECOdOMne Ther elemeny snould De directed at reducing 
COGue Or COIreereDrOperoy oss and economic, Olslocation . 


2. Environmental Inpacu- The safety Element provides 
Gae DOlicy sireclives for reducing adverse impacts 
Ore DOth the Dil lG and nature. environments of major 
safety hazards. 


To Other Agencies: 


Ate 


The preparation of the Safety Element would also be 
facilitated by identifying, and securing the cooper-— 
ation of major Federal, State, regional, and private 
Owners Of land ina largely natural state, which 
aLEects, tne Motentiai fine hazard. Such agencies 
would include, for example, the national and state 
park services. 


Local planning bodies are encouraged to enter into 
joint planning and the execution of mutual assistance 
pacts relavec to Saiety hazards materially affecting 
More Chan sone planning jurisdicvion. 


IMPLEMENTATION 


Concurrent, OF subsequent revision of other general plan 
elements Uo incorporate safety policies and. ¢riteria. 


Addition of capital improvements as may be necessary for 
the Mitigavion end control Of ssatety hazards to the cap— 
ital improvement program. 


Review and possible amendment of zoning, subdivision and 
SAve Gevelopment: regulavions To pincorporate safety pro— 
Va SO tice. 


formulate building and fire \saheuy inspection programs 


of buridines and premisess to adentity Lire and other safety 


hazards. 


Provide input to contingency plans for major disaster or 
emergencies. 


Provide for ongoing review eo: major public and privave de— 


velopment proposals by fire and police departments to in- 
sure compatibility with safety objectives. 


APPENDIX C 


peismic Safety Element Guidelines 


= SUPHORLTY 
Dee SAC hOratey 


Government Code Section 65302(f) requires a Seismic Safety 
element ofr all city and county general. plans, as follows: 


A Seismic Safety Element consisting of an identification 
and appraisal of seismic hazards stich as SUSCeDEIDILILY 
CO suriace ruptures trom faulting, to=eround shaking, 

VO erounGd failures. Of UO Une ellects Of seismically 
induced waves such as tsunamis and seiches, 


The Seismic Safety Element©shall also™include an apprai- 
sallorrmmosilides ,~endslidess vandeslope stapility as 
necessary. @eclogic hazards that must be considéred si- 
multaneously with other hazards such as possible sur- 
face ruptures from faulting, ground shaking, ground 
failuvrerand | seiemicallyvandiced waves. 


Theteritecteor tUhas@seetion is tourcquire cities Mand ‘counties 
to take seismic hazards into account in their planning programs. 
All seismic hazards need to be considered, even though only 
ground and water effects are given as specific examples. The 
Dastc Objective i6 To reducer loss 2ofitlire, Uanjuries, “damage 
PO DEODerty, and CConomic and js0cial dislocations resulting 
from future earthquakes. 


B. Background 


Barthquake lossés in’ California throteh the remainder of 
thi sheenvuury., -assumineeuhageaddieionalosientficant -counter- 
Measures Tare not ‘taken, have recently been-“estimated at approx-— 
imately $20 billion (Urban Geology Master Plan, California 
DivisionvorIMines “and Geology). -Estimates wef potential Voss 
ofeiife tor this’period range well up into-thée “thousands and 
MOSt Of this loss “1s preventable. 


thermos, widespread efiecy of «an earthquake is eround 
shaking, “This is also®usualiv (nut nottalways) the greatest 
Cause Of damage. (SserPuctuwes, Of all types, tncludinge engineered 
StGuUCTUReSs ano pub ITC MULE le tyoLacMiitves Sit inadequately con- 
structed or designed to withstand the shaking force, may suffer 
Sevienewdamae enor eee blapocuseliesvesu ma joricy of ideaths during 
eantigquakeseuatves tne vesult Ol Structural Sraviure “due to ground 
shaking. Most such deaths are preventable, even with present 
cnowledge. New construction can and should be designed and 
built -to withstand “probable “shaking without. collapse. The 
Preavesc verisuIne@ aazard Im stheVsvare. vs the continued use of 
tens "Ol (enouseands corsolder structures incapable of withstand— 
ing earthquake forces. Knowledge of earthquake-resistance 
desicnmatd (cnsueuct ion has increased greavly in recent years, 
Eocuen much seemotns 0 De Learned. 


A second effect of earthquakes is ground, failure: in. the 
form of landslides, rock falls, subsidence and other surface 
and near-surface ground movements. This is often the result 
of complete loss of strength of water-saturated sub-surface 
foundation soils ("liquefaction"), such as occurred near 
the Juvenile Hall in the 1971 San Fernando earthquake and in 
the massive Turnagain Arm landslide in Anchorage, during the 
1954 Alaska earthquake. Most such hazardous sites can be 
either avoided or stabilized if adequate geologic and soil 
investigations are utilized: 


Another damaging effect of earthquakes is ground displace- 
ment (surface rupture) along faults. Such displacement of the 
earth's Crust mayebe Vervicainahori zontal or both and may ofrf-— 
set the grRound by -ascmuch as) 80Nreet (astin 1657,ineSouthern 
California). Lt is not economically) feasible to design and 
Dulid -foundationssoe structuress (dams, buildings, bridces, 
etc.) to remain intact across such zones. Fault zones Subject 
vo displacement are, bestuavoided! in’ construction. /'in addition 
vo regional investigations necessary to the basic understanding 
of faults sand theirehistories, sdepai led sitesinvestigations 
are unecded prioravoriherapprovalporacensuruct1 one iny any. su- 
SpeeCved acuive aul eZones BUCILIVies erosdce canals-and other 
linear, Tuturées arésparticularlyavulnerable to damage as the 
result of ground displacement. 


Other damaging effects of earthquakes include tsunamis 
(seismic sea waves, often called "tidal waves"), such as the 
one which struck Crescent City and other coastal areas if 
1964; and seiches (waves in lakes and reservoirs due to tilt- 
ing or sdaisplacementacl thesbottommorsmarciny y+ The failure of 
dams due to shaking, fault displacement or overtopping (from 
seiches or massive landsliding into the reservoir) can be par- 
ticularly disastrous. Most modern dams may be created by 
earthquake-triggered landslides. Such inadvertently created 
dams. .are-certain iso Lait withinva relatively shortetime: 


2. THE SCOPE AND NATURE OF THE sei SMIC SAPETY ELEMENT 
Ain Av SEneral joo hiecyns vavemen tm mat. 


Lin ROCOsnTZes ssetsemi1e shazerds ang (Gnelir posseble efiect 
on the community. 

eo. Ldentitbes @eneral se0als “for reducing “seismic risk. 

3a pmpeciiies he evel or nature of sacceptable risk to 

life and property (see safety element guidelines for 

the concept tof Meccentable risk"). 

Speci TES {se ismke isahoevy ob ecrimes er or Land Wee? 

opecifies sobjectives tor reducing seismic hazard 

as related to existing and new structures. 


al ts 


B.  sidentification;, debijcaviomeandsevalvatron of nature! 
seismic hazards. 


Uses COMSICerat 1 OneOivexistanesseructurealahagards’ 


Generadsbyy), Sexistingesubstandard structures-ofs-ali kinds 
Gineludine jsubstandard dams-and public utility facilities) 
pose the greatest hazard to a community. 


De EvVelUatsonget dLsasuereplanningeyprogram 


For near-term earthquakes, the most immediately useful 
ching have community?) can dos isepocpilan.and;prepareqto 
Respond oO andi recoversi romans carthquakecnes quickly 

and eftective lye ast possi blenveivenest he existingycondi= 
tion of the areavroihetseismic satlety ekemen’ can provide 
gulsanceram disaster planning. 


Ea SDevermi nai ont Ofeepecitacesand Usemstandardssrelated=to 
Level of hazardeandurisre 


SC sMETHODOEOGY, 


As an initveda sree.) omeyes seu hedpiul wo: detenmine what 
aspects of the element need greater emphasis. If a. community 
is largely developed, emphasis on structural hazards and dis- 
aster planning would be most appropriate. This would also be 
the case for communities whose greatest hazard will be from 
ground shaking. On the other hand, communities with extensive 
open areas and areas subject to urbanization may wish to focus 
On natural setsmiues hazards andy the formulation of land use 
policies and development regulations to insure that new de- 
velopment is not hazardous. 


AGGitcioneeinewlocat Clann egenctes May wish to consider 
the preparation of the element or portions of the element in 
OMT beech VO eeu Wolly Des parti ciularivyepractical for the 
study of natural Selsmic hazards. 


AS helnits ali sorcanizer ton 


1. Focus om formuletine and adopting interim policy 
based on very general evaluation of earth science in- 
Formation readily available. 

Pee Ea lute: edequecyrof existing: information, ine relation 
tio. the identified range and severity of problems. 

2) “Define Specific nature and magnitude of work program 
needed to complete the element in a second stage. 


B. Tdentuucat Lon on nmeatural seiemic hazards 


ine tGernerade structure! weology and geologic: history. 

noice tion! Of eulectuivic or DpOLENntlally active faults, 
with evaluation regarding past displacement and prob- 
Apmliiy ole LULUre movement. 


3. sHVealtiation- or slope, suability .6scilersubjeet to, Ligue— 
fact roneand ditierential vsubsidence. 

4, Assessment of potential for the occurrence and sever- 
ity of damaging ground shaking and amplifying effects 
oF unconsolidated materials. 


5. JIdentitieationm of areas subgect- to seiches. and tsu- 
namis. 
6. Maps identifying location of the above characteristics. 


identification and evaluation: of present land use and cir-— 
culation patterns should be recognized in the formulation 
of seismic safety-land use policies. 


Tdentiticationy ands evaiveatwon OLestructuralehazards relating 
structural characteristics, type of o¢cupancy and. geologic 
characteristics an order 0 formulare policies and programs 
LO reduce structural, hazard, 


Formulation of seismic safety policies and recommendations. 
Formulation of an implementation program. 
DEFINITION OF TERMS 


Accepraple risk: The Level OD iris below which no 
Specific action by Local government 
He, deemed, necessary, /ovher “than. making 
the rasie Known. 


Unecceptaole- risk: Level of risk above which specific 
action by government is deemed ne- 
Cessary svomprotect. Lite and. property. 


Avoidable risk: Risk not necessary to take because 
Lae.ndiy tduiad mri pupil ic. goals. can 
be achieved at the same or less total 
"cost" by other means without taking 
thes ak. 


Technical Terminology: 


Tsunamis: Earthquake-induced ocean waves, commonly referred 
To as tidal waves: 


Seiches: EFarthquake-induced waves in lakes or ponds. 
Delsiiae: Pertaining to Or caused “by “earthquake. 
Sold Lidquefaction: “Change of water saturated cohnesionless 


SOs ar OMe TO dla ws ieniiavail rom Intense 
ProOunc clan aso mL Eboses all strength. 


LSCvOnTe, -Ormts. LOrces , sana movemenus "resulting trom 
dereorma GlOnwOl SUne earun Ss crusy. "Movement may be rapid 
resulting in earthquake, or slow (tectonic creep). 


Pauly Ap ranes Or Surhace in carthn materials along which 
MAILureCSmhaverOCcUPRedrand Maverrale eon Opposite 
sides ehave moved=relative to one another in re= 
SHONSer UO =vNne 2ccumUrarion Of Stress in’ the roeks. 


RetiAVe: HauLes A aul viet has moved im recent seologic 
Pine@and whichis Likely vovmove -arcain. in 
the relatively near future. (For geologic 
DUrPOscas ene me sare no precise Limits Fo 
Pecency Ci Movement Or probable future 
movement that derine an “active fault”. 
Definitions for planning purposes, extend 
oneune Order ol ehOy000 years oremore back 
and MOO svears or more forward. The -exact 
time limits for planning purposes are usu- 
ally defined in relation to contemplated 
uses and structures. ) 


Inactive Hault: ~A Tauly which shows mo evidence of move= 
ment ian-recent geologic time and no evi- 
dence of potential movement in the rela- 
tively =-near=-rupure. 


SeLSmle whaevards y hazards revaved “vo reLsmic “Or “earthquake 
Ae CAR ety. 


Ground= Pastures “Includeemudslide; =landsiide, lrquefac— 
CLONS MSUbS Idenee. 


SUPEACe FUDLUreSs =Uromeiaultings ebreaks inthe -eround sur 
face-resulLtin=e from fault 
movement. 


REBALTLONSHLES 
To other Elements: 


The seismic safety element contributes information on the 
comparative safety of using lands for various purposes, 
DYDeSMOreccrucuures, cma oceupanctes. =" [TU *provirdes pri- 
Mary policysinpuve vo-cne Land uses Noussne “open ‘space, 
eireulation and Sarety-eléments- 


Because of the close relationship with the safety element 
the local planning agency may wish to prepare these two 
elements sumultancously or combine Uthestwo elements -imto 
Puonele mC OCiMe nits UaCOmoincc, tie required ‘cOmven| ‘and 
policies of each element should be clearly identificable. 
The local jurisdiction may wish@to’ineludée the seismic 
safety element as a part of an environmental resources 
management element - ERME - as discussed previously. 


108) 


To Environmental Factors: 


Ley aPays eal: Geologic hazards can be a prime detrimant 
Of land use capability. 


Ze OC Aaa: May provide basis.of evaluating costs of 
social disruptions, ineluding the possible 
loss of life due to earthquake and identi- 
fies Means Ol mitigating social impact. 


3.4 dhe OUOnILC: GCOSt sand Deveiits of Using or not using 
various areas related to potential damage 
Or COSG OLeovercoming hazard. 


4, Environmental Impact Report: Provides basis for eval- 
uating environmental im- 
Pace of Proposed projects 
in relation to slope sta- 
DiLLvCYyY, OSsibLe structtire 
oie, Se U.C. 


To Other Agencies: 


the Stave Geologist 2sserequivedeby Chapter 7.5, Division 

e of the Public Resources Code to delineate by December 31, 
1973, Spécial studies zones enconpassing certain areas of 
earthquake hazard on maps and to submit such maps to af- 
fected cities, counties, and state agencies for review 

and comments. 


By December:3], 419 (3 fp ieheslivasicompeot Mineshand.~Geolog 
will have delineated the special studies zones encompassing 
all potentially and recently active traces of the San An-— 
dreass Calaveras, Hayward ssandsoanedacanvoateatsts. The 
special studies zones will be delineated on U.S. Geologi- 
cal Survey quadrangle sheets. The quadrangles listed in 
Appendix F will be aneluded gin the tn1tial distripution 
which will begin on or gapouy Octopermi al; teand bescon— 
pleted oy December Bisvi9(3. In -eddition to the faults 
named above, all active or potentially ractive.faults) with- 
in the quadrangles Pisted will be zoned. The zones are 
ordinarily about one-quarter mile in width. 


The Staté Mining and Geology Board is required by Chapter 
(+53. Division 2.0f thesrubli¢snesourcesaCode tondevelop 
policies. and. crivenuia by eDecenber Sis 10735 *cencernine real 
estate developments or structures to be built within the 
special studies zones. 


IMPLEMENTATION 
Concurrent.or subsequent revisionyoi other, general plan 


elements _to-giverspeciiic recognition, tol seismiewsafety 
policies. and-criteria. 


Di lioluls tone On rapprOprlatre requirements and procedures in 
ZOMG ScUDOLy ee LOM ond site Cevelopment regulations and 
bULI gine codes. Designation of special zones with special 
land development regulations such as "seismic hazards man- 
agement zones". 


Ce Prepsrevion Of renewal plans, fOr areas where a change in 
use and development pattern is necessary because of major 
seismic damage or extreme hazard. 


Dee ebulaane arepect Lom proctan lO Adentity Unsate structures 
and, Imstre@ave necessary Correcuive measures. 


BR. \ncluston of potential earthquake destruction in contin-— 
Pency plone) (Ol ma) Om Cisasters and, CMereencies.. Review 
and liaison with Emergency Preparedness Organizations and 
Police Departments of overall plans and major public fa- 
eilities, proposals as ve themmadcequacy in emergency sit= 
uavions. 


ny 


Educational programs to develop community awareness of 
seismic hazards. 


CeeUpest ine the puridine code 20 Prellectuchanges ins Techino— 
logy. 


NOTE: These guidelines drew extensively from: 


Suggested Interim Guidelines for the Seismic Safety 
Element in General Plans, prepared by the Governor's 
Earthquake Council July, 1972. 


Draft Guidelines for the seismic satery Element, pre= 
pared by Advisory Group on Land Use Planning for Joint 
Committee on Seismic Safety, California State Legisla- 
ture, September, 1972. 


Seismic Safety Concerns in CIR/OIM Program prepared 
for Gln byeWul Dem SpanalemetAsscociates, March 1972, 
WMpuUbieT saed. 
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i LNTRODUCTION 
A. SCOPE OF INVESTIGATION 


Section 65302 (f) of the Government Code requires a Seismic 
canevy Hlement ion all city and) county @eneral plans as follows: 


"A seismic safety element consisting of an identification 
and appraisal of seismic hazards such as susceptibility 
Go surface tuptures trom faulting, Go ground shaking, to 
ground, Hauer sGO, che ecihiects of Seilsmically induced 
Waves SUCH as) Dsunemis end ‘selches. 


Une seismic safety element shall also inelude an 
appraisal) Ofemnudeides . Vandslides and, slove stability 
as necessary geologic hazards that must be considered 
simultaneously with other hazards such as possible sur— 
face ruptures: from faulting, eroundshaking, peround 
failure and seismically induced waves." 


The Guidelines® (California Counce. om Intvergovernmental Rela= 
Picnic. LO, sb hor whe Prepare lonmeon socal weneralplans svates 
Chac: 


Vite wm nventmis, Unavwaii sieismic magzards sare Yo be con= 
Sidered, event though only ground and water effects are 
civen as, speci tmucmexempues. Sines basic objective Is. Co 
RECUCORLOSS On were wen lie Lect. idanagse LO Oroperty.. and 
economic and scolal dislocavions resulting trom future 
earthquakes." 


Basedon, tie Invervrevaylon On vNe invent of the, Taw, une 
Guidelines define the scope of the Blement as including: 


i eA NGenerak pelicy, stavement. 


2 Ne Cent i Canton,. wo climeatdon and evaluation of 
natural seismic hazards. 


3.) Sihe sconeideration Olsexis ting structural hazards. 
4, An evaluation of disaster planning program. 


ha Lhe determination son aspecitie land use standards 
related to level of hazard and risk. 


TMieuGuldelines ncwca rest notmo he sLOoenGLLication of natural seismic 
hazards should include the following: 


"]. General structural geology and geologic history. 


Po, ‘ecation of all active or potentially active faulve, 
with evaluation regarding past displacement and 
Crobabi lity of Tuvure, movemenv- 


2, EVAl@aLlion of Slope stabil whuy, solls subjecy vo 
liquefaction and differential subsidence. 


t, Assessment of potential for the occurrence 
and severity of damaging ground shaking and 
amplifying effects of unconsolidated materials. 


SB. Ddéntificazion of areas subjecy to Selches and 
tsunamis. 


6. Maps “identifyine Vocacion “or the above 
characterisvilcs. 


The following technical evaluation is intended to meet or 
exceed these requirements. 


Be. PHIDOSOPAY "OR Ste wan Ain oS 


The quantitative study of the strong Shaking of earthquakes 

is @ relatively young science. It was begun in California in 

the early 1930's. bute has been Iimiped by the necessity of having 
the right instruments in the right place when a significant 
earthquake does oceur. Much information has been acquired over 
the last 40 years, but there are significant gaps and much 
remains vo be Tearneda. 


With this relatively limited Yevel “of basic data, two different 
approaches to the development of a Seismic Safety Element 

are available. ‘One can utilize broad generalizations to deseribe 
expected Events; certainly the inadequacies of the data favor this 
anprpogen. “Orr The =Other sand. tithes rectus Ares vowpe used by 
engineers in designing safer structures, then a commitment to 
mathematical Torm ts mecessary. To vhs end, the analysis is 
developed in thls way. whenever possible, end presented in 

enart or graph form. .OUaTEtative descripvlons of tne resulivs 

are included. for the, lay reader, and a briet discussion of metho= 
dology, términolory.,. and coneepcs us included in secuiton ©. A 
Glossary of Terms for reference purposes is included at the 

back of the report. 


The basic philosophy within which this analysis has been developed 
is that the intent of the Seismic Safety Element is to plan 

and prepare for the future based on what we know today rather than 
waiting until we know all that we would like to know. 


C. CONCEPTS, METHODOLOGY, AND TERMINOLOGY 
1. General Statement 


The Seismic Safety Element is probably the most technically- 
oriented of all the mandated elements of the General Plan. For 
Chaiswercasou, son. DeCauschOL Unc unide range, of backerounds ard 
exper ence Ol sex peCucde rT eacers. wil 1S appropriate to include in 
Ehe AnprodUuccion a2 Giscussion Of Concepts, methodology, and 
LEriinolocy TOmbesUsScOeanedevclopung the, vechoical base for this 
element. This sadiscussion is intended to supply not only a dic— 
Clone ry, sUNnCulOon Ot, GeChhrcal Gormerand Concepts, DUL, MOST 
IMPOLtanG Ly. eo Cougs, UNS svovelou ve: Cousce sand eifecyu relavion— 
Sas DetWeCn Une severalesecismie Neayards., sand the reed for a 
systematic analysis of available information. 


[De LT CpaCsaCisCusSsecG. il Une tO lOWwl ne sSeCcGLons Of The Intro— 
dUCTLONMere —arranvedu iia OrCerechay DEeComes  ineréasingly more 
difiicule ter the laymen. "Sceculoms 2 throuch 4 discuss concepts 
and terms commonly included in newspaper accounts of earthquakes, 
Whiter Laver secrviOne discuss the eoncepus necessary in Che 
technical analysis Of earthquake hazards. , Phe latter are intended 
primarily for readers with engineering or scientific backgrounds, 
PUL Mave aLSO DeVOn Interest GOubne lay, reader. 


Tac sGens 1Ol slac TrenOme so arranced Ai aasimilar Order, Each 
section becomes increasingly more complex, and the later sec- 
TLone are intended to document whe analysis. for engineers and 
earth scientists who may wish to expand on or apply the data to 
une detailed analysis of individual Sives. 


2. Types of Hazards 


The sseveral selscmice Navards discussed in the C.L.R. Guidelines 
can be grouped as a cause-and-effect classification that is 
Chewbesis Ore ude Order Of shear consideravion. Barthquakes 
originate as the shock wave generated by movement along an 

active fault. The primary natural hazards are ground shaking and 
the potential tor eround rupture along the surface trace of 

the fault. Secondary natural hazards result from the interaction 
Or Ground snakineewicne exic rine renound, instabilities, and include 
iiouetaccion, sevtlement and landslides. In) this context, 
tsunamis, or "tidal waves", and seiches would be primary natural 
hazards. 


The potentially damaging natural events (hazards) discussed 

above may interact with man-made structures. If the structure 

ac unable vo accommodate the natural event, failure will occur. 

Mae perential for sueh failure is termed..a structural hazard, and 
ineludes not only the structures themselves, but also the potential 
for damage or injury that could occur as the result of movement oun, 
loose or inadequately restrained objects within, on, or adjacent 
GOR” ek Vehepel Weaver. 


3. Active, Faults = The Source of Earthquakes 


Earth scientists are generally agreed that earthquakes origi- 

nate as the result of an abrupt break or movement of the rock in 

the relatively brittie crust of the earth. “The vearthquake Is. the 
effect of the shock waves generated by the break, much the same 

as sound waves (a noise) are generated by breaking a brittle 

stick. If the area of the break is small and limited to the deeper 
part of the crust, the resulting earthquake will be small. However, 
if the break is large and extends to the surface, then the break 

can result in a major earthquake. 


inese breaks ain the earch 's crust are called faults, In 
California, faults are extremely common, and vary from the small 
breaks of an inch or less that can be seen in almost any road- 
cut, to the larger faults such as the San Andreas on which move- 
ment over many millions of years has amounted to hundreds of 
iiLes 9 Li adeilien to the teiLZe ot Talis. mein “are”! is also 
important. Many large faults have not moved for millions of 
years; they are considered "dead" or no longer active. They 
were probably the source Of great. ecarthquakes millions of years 
ago, but are not considered dangerous today. 


bincée faults vary @5 to the likelihood of their being the source 

of an earthquake, considerable effort has, and is continuing to be, 
expended by geologists and seismologists to determine and delineate 
the faults likely to generate significant earthquakes. The 

Clank, Guidelines del ine an active tault) as one that “has moved 

in recent geologic time and which is likely to move again in 

the relatively fear future. Definitions for olanning purposes 
extend on une order of 10,000 years or more back dnd 100 years 

or More forward.” “In this definition, “has moved" would normally 
be taken to mean demonstrable movement at the surface. 


Tie stave Mining and Geology Board (1973), for vurposes of 

the Alquist—-Priolo Geologic Hazards Zone Act (Chapter 7.5, 
Divtelon 2, UbLIC Resources: Code, state of Calirornmi a), 
"regards faults which have had surface displacement within 
Holocene time (about the last 11,000 years) as active and hence 
as CONnStiltuting a4 potential hazard.” 


Mae State Geologist (Slosson, 1973, Explanation. of Special 
studies Zones Maps, p.3 & 4) defines a potentially active fault 
as one "considered to have been active during Quaternary time 


(last 3,000,000 years) -- on the basis of evidence of surface 
displacement." The State Geologist knows the contrast with the 
puate Mining and Geology Board, but also states: “Am exception 


is a Quaternary fault which is determined, from direct evidence, 
vO have become inactive before Holocene time’ (last 11,000 
years)." 


The definitions above are compatible if taken in the following 
sequence: 


ie fe OOUCNCLaLiy sactuvie mau Ly 1s One whic exnibivs 
evidence of surface displacement during Quaternary 
times laste. 000,000 years: approximately). 


pe AV POLentlally eaculve fault will be Considered as 
an acvivertaul@ if there wa oeevidence Of "Suriace 
displacement during Holocene time (last 11,000 
years, approximately). 


Be Pe Potente ye active mautc Wall De Considered as 
IMac bl Ver  wovetOlreeh cCvaeiCe.. 1u Can ‘be shown 
thay there has been iomdisplacement during Holocene 
(akon 


Thee key ster tae pracol cal, application o7 the above definitions is 
the placemens of the burden of proof. The Stave Geologist will 
Consider a Tallturcas povenuially Sctive tt tnere ts evidence of 
surface displacement during Quaternary time. If a fault is so 
designated as required by the Alquist-Priolo Act, then the 
burden of proof shifts to the developer to show by "direct 
evidence” that the tault hes nob beer active (i.e. no surface 
displacement) during Holocene time. The practical application 
Of this System Orvevaluavion will depend primarily on the 
imterpretavion of "direct evidence” im the review and evaluation 
ef the required geologie reports. 


Mie above Giscussion applves directly vo Special Studies Zones 
as) Pequired Dy une wouter Priolo Acts Tordate, no Such 

Zones Nave. Decnuesvablashed within bhe mtudy area. However; 
the Stace Geolociists ic required’ to “conuinually review Zones 
Syd woucelanesvemeqdiciona Zones wes (i auinis "COnvext, “evidence 
Of teu sculvirveim tae suucy warca worl De Giscussed herein 
utilizing the framework of evaluation as provided by the State 
Geoloeisty and the Suave Mining and Geology Board. Additional 
comment on the responsibility for evaluation of geology/seismic 
Hazardce is incindea on cect bon D Of this Inproducvion, and also 
ace pervinens If ulley Parry Ol Une wvext Covering vhe evaluation 
of active and potentially active faults. 


4. Describing an Earthquake 


Several terms are used to describe the location, "size", and 
effects of an earthquake. A clear understanding of the meaning 
of these terms and their limitations is essential to an under- 
Standing Of the results of the investigation. 


The location of an earthquake is generally given as the epicenter 
of the earthquake, This’ ds ta point on whe earth's surface 
vertically above the hypocenter or focus of the quake. “ihe 
latter is the point from which the shock waves first emanate. 
However, as discussed above, earthquakes originate from faults. 
These are surfaces, not points, so the hypocenter is only one 
point on the surface that is the source of the earthquake. 


Magnitude describes the size of the earthquake itself. Tech- 
nically it is: defined as the bos sor the maximum amplitude as 
recorded on a standard seismograph at 100 kilometers (62 miles) 
Teom whew epicenter, | Ine Most, Imoorbanve part, Ol. thts det inivion 
is that dt isa loge scale: thar 15,94n iIncresse of 1 on the 


magnitude scale (e.g. magnitude 5.0 to 6.0) represents an 
increase of 10 in the amplitude of the recorded wave. 


Invensity describes: the degree of shaking in terms of the 
damage at a particular location. The scale used today is the 
Hogi ited VMeread ii ocake ion 0s eaand is composed Of le care— 
eories, (2 to Xi) or damage as described in Table 2. ©The Roman 
numerals are used Covemphasize Uhat the wnivs in the scale are 
descrete categories rather than a continuous numerical sequence 
as is the magnitude scale. It is important. to remember that 
invensity 18 @ very general description of the effects of an 
earthquake, andvdepends not only ion the size of the quake and 
the. distance. to ius: center, buy also on the quality of the con— 
struction that has been damaged and the nature of local ground 
COnGA LoOns;. 


Ds Oecurrences Recurrence and Risk (of Marvhouakes 


Rarthquakes have had in the past a certain occurrence in space 
and time. These occurrences may Or may not. set certain patterns 
that can form the basis for predicting their occurrence in 

the future. When such occurrences are analyzed in time, cer- 
bain Characteristics may Stavisticaliy recur at Gefinite inter= 
vals. If it can be shown that a particular magnitude earthquake 
recurs Ol a, laut on uhe average of once in a certain time 
interval, then, that antervyal is seid to be the recurrence. interval 
for that magnitude. Or, if the interval of time 2s seu (Ce.c. 

a 100-year period), then earthquakes of a particular magnitude 
May recur a certain number of times in the specified period. 
This number is then the recurrence rave for that magnitude. 


In California small earthquakes occur much more often than 
Jaree Cartogquakes,. Also, there is aetairly definite pattern in 
that the log (base 10) of the number of events of a particular 
Magnitude that have occurred ina the past 2s approximacely 
proportional to the magnitude of those events. Uhis relationship 
appears to apply to larger areas such as California and western 
Nevada, some smaller areas such as the Los Angeles Basin, the 
imperial Valley, .cuc., and Go some Gaulvs. However. this 
belavlonship does nol necessarily apply to all faults, and it 
should. be applued to small. areas, such as citres or individual 
Sites... Whtuh ereav care, 


Recurrence AnvervVads cam Del tised CoO. Indicare whe: rigk.of an 
earthquake in much the same way that recurrence is used to 
describe the risk of flooding (e.g. 100-year flood). There is 
one important difference, however. “Hvood is the result of 4 


TABLE 1. MODIFIED MERCALLI INTENSITY SCALE OF 1931 


(from United States Earthquakes) 
Description of Damage 


Not felt except by a very few under specially favorable circumstances. 
(1 Rossi-Forel Scale) 


Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to Il Rossi-Forel Scale) 


Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motorcars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(IIL Rossi-Forel Scale) 


During the day, felt indoors by many, outdoors by few. At night, some 
awakened. Dishes, windows, doors disturbed; walls make creaking sound. 
Sensation like heavy truck striking building. Standing motorcars rocked 
noticeably. (IV to V Rossi-Forel Scale) 


Felt by nearly everyone, many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbances of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel Scale) 


Felt by all, many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel Scale) 


Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerably in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motorcars. (VIII Rossi-Forel Scale) 


Damage slight in specially designed structures; considerable in ordinary, 
substantial buildings, with partial collapse; great in poorly built structures. 
Panel walls thrown out of frame structures. Fall of chimneys, factory 
stacks, columns, monuments, walls. Heavy furniture overturned. Sand and 
mud ejected in small amounts. Changes in well water. Persons driving 
motorcars disturbed. (VIII to 1X Rossi-Forel Scale) 


Damage considerable in specially designed structures, well-designed, frame 
structures thrown out of plumb; great in substantial buildings, with partial 
collapse. Buildings shifted off foundations. Ground cracked conspicuously. 
Underground pipes broken. (IX Rossi-Forel Scale) 


Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with their foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. Shifted 
sand and mud. Water splashed (slopped) over banks. (X Rossi-Forel Scale) 


Few, if any, (masonry) structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipelines completely out of service. 
Earth slumps and land slips in soft ground. Rails bent greatly. 


Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into air. 


random combination of meteorological events, whereas current 
geologic: theory indicates that the buildup of the strain 

released during an earthquake is more likely to be regular. This 
regularity suggests that prediction, to varying degrees, may 

be possible depending on the extent of understanding of a particu- 
lar fault. Im some cases this understanding 1s limited te 4 
Statistical regularity in the number and magnitude of earthquakes 
Beneratved. for others, such as the Sam’ Andreas fault, much 

more is known on which to base an estimate of the risk involved. 
For others, little more is known other than that there is 

some degree of hazard involved. 


6. Acceleration, Velocity and Displacement 


The data of the seismologist and geologist ave, se sceneral, not 
applicable to the engineering design of earthquake-resistant 
structures. The seismograph, for example, is a very sensitive 
instrument designed to record earthquakes at great distances. 

A level of shaking that would be meaningful to an engineer in 
designing a building would put most seismographs completely 
off-scale. 


As a result, it has been necessary to design and install special 
instruments to record the strong motions of earthquakes that 

are of interest Po whe engineer in thesdesien«or earthquake— 
resistant structures. The first such INSvTeUMenvSs., Drinceipal ly 
accelerographs and seismoscopes, were installed by the U.S. 
Coast and Geodetic Survey in the late 1920's. Since that time, 
the instrumentation and analytical techniques have been 
continuously improved, and many excellent records have been 
obtained of the more recent strong earthquakes. 


the Toltlowing sectionsvare 4 brief introduction to the con— 
Cepus, data, and application of strong-motion records. The 
Sctence 1s relatively young, and 1s growing in bursts that follow 
the recording of a damaging earthquake. 


The accelerograph is a short-—period instrument (in contrast 

to the seismograph), and measures the acceleration of the ground 
OF the Structure on which it is mounted. “Figure 1 “shows the 
ground acceleration recorded just a few hundred feet from the 
Slipped fault during the 1966 Parkfield earthquake. The velocity 
and displacement curves have been derived from it by integration. 
It is a particularly good example of the relationships of these 
three parameters of motion because of the relatively "clean", 
Single-displacement pulse that corresponds to two velocity peaks 
and four acceleration peaks. Figure 2 shows the more typically 
complex record of the San Fernando earthquake as recorded at 
Pacoima Dam. Neither of the two, however, are typical records in 
terms of accelerations recorded. The Pacoima record shows the 
largest acceleration recorded to date (1.25¢), and the Parkfield 
record (0.5g) was the largest recorded in the United States before 
the San Fernando earthquake. 
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It should also be noted that accelerographs normally record 
tires components. EWO un bhe horizontal plane at a right angle 
wo Cach vouher, and one vertical. Only one component is shown 
in each of the two examples. 


Maximum acceleravwon is One of “une basic parameters “describing 
Pround snaking anGdenas bpeem the sone mosu olen requested by 
ecenciese sucn ass tHAyan determining the earthquake hazard to 
residential structures. It is particularly important for "low- 
rice S constructuion (UD bo Ss GO 5° Stories) jand Other mtructures 
Havin MavuPais Per LoOdiwm Mm lnerrancvte or (0. 3-60. 5 seconds or Less. 


(f. “requency Content = Fourier and Response spectra 


The frequency content of the ground motion is particularly 
MIpOrvatly Or Une wiIneermedl ave and haeher’ stzuctures. he 
Deoblem cans be Compared svo pushing a "Child an =a swing. 2 lf 
une pushes are timed To coincide with the matvural period of 
the swing, then each push makes the swing go higher. However, 
Tie vhies HIN ob rie wb Nem mMNoOsy Ol ane push Aas Lost 

iio pane! Sthne nabirads Dera oGwot vier sWwing. The situation is 
Snilarw urine earhmMduakes. “SvRUCLUrEeS Nave Certain, navural 
PerioOads Of Vinkavion.) Uh tine pulses Of tie earthquake match 
ene Ne Clumeal Meri1ed Of, whe Structure, .covien a moderarve carthquake 
can cause damaging movement. However, if the match is poor, 
the movement and resulting damage will be much less. 


Two methods are commonly used to analyze and display the frequency 
COnveny Ob an “earthquake. “A Fourier analysis is a common 
Macmemabpiucal meunod OL Gerivine the sienitiucany frequency 
€heracterictics Of @ time-sienal such as the record of an 
earthquake. The résults of the analysis are an amplitude term 

and a phase verm. The amplitude is normally plotted against 

Ghe period for the amplitude to eive a fourier amplitude spec— 
trum for the range of frequencies that are of interest. Since 

the mathematical procedure is basically an integration of acceler- 
ablon With time, the Pourtervampligudae Nhasewhev units of velocity. 


A response spectrum is derived by a similar mathematical process, 
Dic Ls slightly cCipterent wiaeconcenus “Il represenus the maxi-— 
mum response of a series of oscillators, having particular 
periods and damping, whén subjected to the shaking of the 
earthquake. The result Is, also,expressed im units "of velocity 
With the particular momenclatumesdepending on the precise 

method used to derive therspectrum. 


Tine sFOuUrTer eSspectruMmecan Der ecenerally described as the energy 
available Go Shake Structures having Various natural frequencies. 
The response spectrum gives the effect, in maximum velocity, 

of this available energy on simple structures having various 
frequencies and damping. At zero damping the two are very shaisadal Aleta? 
Figure 3 shows a plot of both the Fourier spectrum and the 
response spectrum with zero damping for the Taft earthquake of 
2 lebtonblcic I shows the response spectrum for the Parkfield 
record (Figure 1) for several levels of damping. 
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8. Near-Surface Amplification 


The shock waves of an earthquake radiate outward from the 

source (i.e. the slipped fault) through the deeper and relatively 
more dénse parts, of the GCarth's icrtisc. “In this’ medium, the 

waves travel at high velocity and with relatively low amplitude. 
However, as they approach the surface, the velocity of the 

medium decreases and may become quite variable if layers of 
different rock types are present. The overall effect is generally 
an amplification of the wave or of certain frequencies within 

the spectrum of the wave. 


The most consistently applicable effect is the increase in 

wave amplitude that accompanies the decrease in velocity. This 
relationship can be compared to laws of mechanics that require 

the conservation of energy and momentum. In the case of earth- 
quake waves, the energy of velocity is transferred to energy 

of wave amplitude when the velocity decreases. 


A second effect is the amplification of certain frequencies 

due to the thickness and velocity of near-surface layers of the 
earth. The geometry of these layers controls the frequency of 
Shaking just like the geometry of a TV antenna controls the 
frequency it receives best. A striking example is the very hieh 
amplification of waves of the 2.5-second period (Figure 5) by the 
stratification of the old lake beds on which Mexico City has 
been builu. This concenvratidon of Ghe enercy in a very narrow 
frequency range could be disastrous for structures with a 
matching natural period. Just like the child in the swing, they 
would move more and more with each successive pulse of the 
Quake. “such Pronounced amplifications are unusual, buv if 
present, they can be extremely damportant . 


D.. RESPONSIBIUITY FOR SE RSMMC /GHOLOGLE 
HAZARD EVALUATION 


ihe responsibility tor the evaluation of Seismic and ceoloric 
hazards lies with both the public and private sectors. The 
following are suggested as guidelines in determining the dis- 
tribution of responsibility of the two sectors: 


i. Whe owner vor cCeveloperxot a particular site should 
De Lesponei pile Or wandm@snould bear tiie cost sor: 
the evaluation cf those hazards that can be evaluated 
on or in the near-vicinivy of the site. 


2. Those hazards that cannot be adequately evaluated 
at the site should be considered for evaluation with 
public funds. The nature of the funding may vary 
depending on the extent of the impact of the hazard. 
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3. To Taciligatre the Administracioneof pubiile satiety, 
it may be desirable to undertake, with public 
funds, a general evaluation of site-related hazards 
as Chey CxiSU Within am entlre jurisdretvion. 


The application of these guidelines to geologic/seismic hazards 
depends on the type of hazard and the availability of infor- 
mation that can be used to evaluate the hazard. For example, 
faults can be located on a particular site by the engineering 
seologist durinevwthe site Investigation. However, the rock 
formations necessary for evaluation of the activity of the fault 
are normally present only atveertain erivical Tocavions., and 
evaluation of Activity may require 4 publicly funded investi—- 
gation. On the other hand, landslides can normally be evaluated 
as part Of the wsite dnvesvisercion fundeds py Uhe owner or 
developer. Public agencies may wish to fund a general investi- 
gcav10n OF Landslide hazards co faciiitare the administration 

Of public sarety,. DU the Timal evaluation must. Deva part of 
Site evaluation because additional hazard may be introduced by 
Proposed Modification ol the, sive. 


The diLsvrabutton Of enmipnasis Of this Technical neport is based 
on these concepts. Those aspects of a particular hazard that 
eannoy De evaluated om a Site-basis, or which can more 
efficiently be evaluated on a regional basis, are emphasized 
Insvonis abhalysas. Those hagards Unhavwcan be -ehlectively 
evaluaved as 42 part of sivexinvestigations are treated in.a 
general way with the intent that the results be used to facili- 
tacve the administration of public safety. It should be empha- 
sized that such generalized evaluations should in no way be 
considered a substitute for a detailed site investigation which 
mist Consider not only existing conditions but also any hazards 
thac may result from proposed modifications of the sive. 


A key step in hazard evaluation is public involvement, through 
their elected representatives, in the determination of acceptable 
levels ol risk.) Ali hazards anvolve srs, A technical evaluation 
Hey determine wcertain visk paramevers, bul only “che public can 
determine the acceptable balance between the risk of a hazard and 
Lheecost Ol miLGigattons. Because Of the extreme importance of 
this Ssbep, primary emphasis ws placed on the technical vevaluation 
Of avallable anformation relating Go the risk of seismic hazards. 
ine technical analysis Can. provide such antormation, but only 

the public sector can make the final determination of the 
acesptabi lity sor those risks. 


The relationship between the concepts discussed above and the 
evaluation of specific seismic/geologic hazards is shown in 

Table 2.. The primary responsibility for evaluation of each 

aspect. of ar hazard 1s “shown aby am Ek" > end by ane aexX! af a4 
determination of acceptable risky is involved. Those aspects 

for which either sector may commonly have a secondary responsi- 
bility are indicated by an "X",7 The intent 1s to show the distri- 
bution of responsibility for evaluation of a hazard; the overall 
regulatory responsibility of government is not included. 
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TAS ea DiS hweBULUON OF RR SPONSIEILITY FOR 
EVALUATION OF SEISMIC/GEOLOGIC HAZARDS 


Responsible Sector 


Hazard IPviollaLe 


Faull up eure : 

a KValuatiom ior mawit 

lO Location ab o2Ge 
Earthquake shaking: 

a. oources of shaking 

bs General levels of shaking 
Go Ht neecs ones pe 

Tsunami and seiche: 

ae Risk of occurrence 

De BLLects on suve 

Dam -faawlure: 

a. Risk Os TOe@Cumeemee 

De Effects on site 

Lands lide: 

a. Regional evaluation 

lows EELecus a0n si.ce 
Wiguehaetion, seuLlemeny. 76 
Subsidence 


a. Regional evaluation 
be Effects on site 


Secondary responsibility 

Primary responsibility 

Primary responsibility including determination of 
acceptable risk 

Evaluation requires determination of expected shaking. 
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IIT. ANALYSIS OF SEISMIC HAZARDS 
Ie GEOLOGIC AND SEISMIC SETTING 


the study area, comprising the cities of Alhambra, Arcadia, 
Duarte, El Monte, Monrovia, Monterey Park, Pasadena, San 
Gabriel, San Marino, Sierra Madre, South Pasadena, and Temple 
City can be divided into four basic geologic and physiographic 
units: 1) the San Gabriel Mountains on the north: 2) tiersSan 
Rafael Hillis on the northwest; 3) the Repetvo Hills on the 
southwest and south; and 4), the western San Gabriel Valley ain 
the central part of the area (Figure 6). By far the largest 
number of people live in the Valley, but in recent years devel- 
opment has expanded into the geologically more hazardous terrains 
of the Poothilis at the edge of the Valley. 


The San Gabriel Mountains on the north are composed of relatively 
hard, igneous and metamorphic rocks that Support the steep slopes 
ef the mountain front and the Major .ecanyons. The San Rafael Hillis 
on the northwest are also composed of relatively hard igneous 

and mevamorphic rocks, ‘but the Slopes are much less steep. It 

is this difference in physiographic development of otherwise 
Simitar rocks that suggests the relatively recent Uplift along 

the front of the San Gabriel Mountains. 


The Repetto Hills, as used herein, are the Yow-relier hills that 
extend southward from the San Rafael Hills Degimnine at. avout 
Colorado Boulevard. They are underlain by Tertiary sedimentary 
rocks that erode more easily and are also more susceptable to 
landsliding than are the igneous and mevamorphic rocks to the 
north. The boundary between the two contrasting rock types in 
this avealisvthe Sam Rafael faulé (Plate 1). 


The western San Gabriel Valley is underlain by Holocene (Recent) 
and Pleistocene alluvium up to approximately 5000 to GO000) feat 
in thickness (5760 feet at the Standard Oil Co. #1 Ferris well 
imeocet lone 2) TiS. Rh iW) Tie alluvium, Or valley fill, south 
of the Raymond Hill fault is in turn underlain by Tertiary rocks 
Similar to those exposed in the Repetto Hills. These units vary 
considerably in thickness, but the maximum known thickness is 
6300 feet (12,060 feet deep) at the Ferris well. Worth of the 
Raymond Hill fault, the valley fill is underlain by granitic and 
metamorphic rocks similar to those in the hills to the west and 
NOutIN. 


The most important faults within the study area are those that 
together form the Sierra Madre fault zone and the Several branches 
of the Raymond Hill fault. The former is located Benerally at 

the base of the San Gabriel Mountains in the northern part of the 
area while the latter trends east-west to northeast-southwest 
through the central part of the area. 
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Figure 6; Geologic index map Showing location of 
study area and physiographic features. 
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Other faults of importance include the San Rafael faul7.and 
several faults that may extend into the eastern San Rafael 
Hills based on work in Glendale. The San Andreas Pave ees 
located approximately 20 miles north of the study area, but 
it is important as a source of earthquake shaking. these 
faults and their potential impact on the study area Wales De 
discussed in greater detail later in this report. 


The regional seismicity of the Southern California region and 
its relationship to the study area are shown on Figures 7 and 
8. Figure 7 shows historic fault breaks and the associated 
earthquakes, and Pigure 8 shows all earthquakes of magnitude 
6.0 and greater in the region since 1912. The seismicity of 
the Los Angeles area and its relationship to Uheescudy area is 
shown on Figure 9 and 10. Figure 9 shows earthquake epicenters 
for the period 1932 through 1949, and Figure 10 shows them Lor 
the period 1950 through 1970. Figure 11 shows earthquake epi- 
centers for the study area and vicinity in greater detail, and 
includes those with magnitudes of less than 4.0. These maps 
ahow tnet. there. 1s 4 clustering of the larger magnitude earth- 
duakes in the area of the Newport-Inglewood fault and along the 
San Jacinto fault (right edge of Figures 9 and 10), but the 
smaller earthquakes, particularly magnitude 3 or less, tend to 
occur as a random "background" with no apparent clustering along 
any known fault except those noted above. The principal impli- 
cation that can be drawn from these relationships is that some 
faults in Southern California show a certain level of earthquake 
activity or seismicity that can be taken as an tC Ca Galea Om 
their capacity to generate larger earthquakes. Others, such as 
those mentioned above as being important to the study area, do 
not have earthquakes clustered along or near them, and their 
potential for generating damaging earthquakes must be derived 
from ovher evidence. 
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Figure 8. Earthquakes of magnitude 6.0 and greater in the southern 
California region, L9l2=1972.. From Hileman. Allen and Nordquist., 
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through 1970. From Hileman, Allen and Nordquist (1973). 
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B. ACTIVE AND POTENTIALLY ACTIVE FAULTS 


1. Methodology 


a. General Statement 


The assessment of the hazard from an active or potentially active 
fault involves the determination of two basic parameters Lhe. G 
describe the activity of a fault and its capability of generating 
a damaging earthquake or of rupturing the round surface. since 
definitive data is often inadequate to precisely determine 

the activity or capability of a fault, the following sections 

are included to familiarize the reader with the types of data 

and the geologic judgements involved. 


be hota vie yo. a Rauley 


The term "active fault" has been used by geologists and geo- 
physieists for many years to describe faults which are known 

to be the source of earthquakes or which are known to have moved 
at the surface during historic time. As long as the use of Coes 
term was limited to the earth science professions where the 
limitations of the data are well understood, problems related 

to a precise definition were minimal. However, THe, ANCAMSa On 

Ge the term an@lecistataon at thesvatve devel has resulted in 

an effort by various State agencies and the several preotesstonal 
societies involved to clearly define "active fault". 


The definitions of "potentially active fault" by the State 
Geologist (Slosson, 1973) and "active fault" by the State Mining 
and Geology Board (1973), discussed in the Introduction, are of 
considerable help, but the practical aspects of definitive 
evaluation remain to be established. Also, these definitions 
relate to activity as determined by, and as applied to, the hazard 
of fault rupture. Activity as may be suggested by earthquake 
epicenter locations 1s 10v defined, and the relationship between 
evaluations within the Special Studies Zones and the more general 
hazard of earthquake shaking is as yet unclear. 


While a high degree of conservatism may be feasible in the 
rezulation of construction along active or potentially active 
faults, the use of the same criteria in establishing codes relating 
to hazards from earthquake shaking may have profound economic and 
social impacts. 


The activity of a fault is related to recurrence rate which can 
be derived in at least three different ways: 


1. The analysis of the seismicity of a fault may 
reveal relationships that indicate that, at 
least statistically, earthquakes of perticular 
magnitudes recur at regular rates. Data suic— 
able for this type of analysis is available for 
only about the last 40 years. 
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2. The measurement of the movement of the 
earth on either side of a fal, Or erustal 
Sica aca sometimes be derived from survey 
data. This information is available for a 
longer period of Gime, but movement is ofven 
Bo smal 1b is notedetectable irom ordinary 
data. Very accurate surveys have been 
conducted in recent years, bus aeross only 2 
fay faults: if thewvave Of accumulavaom OL 
strain is known, then the anoUntse OL Tame 
necessary to accumulate the Sprain mecessary 
for an earthquake of a pariecular magnivudce 
can be estimated from other relationships. 


2. The relationship of unique Tock units on 
either side of a fault may yield the geologic 
slip rate if the ages Sof thew unt ogue UnUus: are 
Known. The principal problem With this. mevhnod 
is the assumption that rates SoLained Ter 2 
timc spam ol severas (imp vonemOtmsevere | Vers 
of millions of years are valid today. 


The applicability of any of the above methods depends on the data 
available. 


ge sCapabilbiuy Ousaatauly 


The capability of a fault 4s defined as the largest earthquake, 

in Richter magnitude, that the fault will probably generate, if 

it should move. If a fault has moved during that part of the recent 
past for which magna tude avd “are available, the capability of 

that fault can be estimated from the historic record. However, 
aptne activity o1 sa fault te low, it may mou have generated che 
largest earthquake of which it is capable during that tine Tor 

which instrumental data are available. The capability of these 
faults can be estimated from their physical dimensions. 


Data on the movements of faults and fie macnicudes of the resulting 
earthquakes have been compiled by Bonilla and Buchanan (1970) 

from worldwide sources. Their analysis of this data ic uate s 

that there are empirical relationships between the leneth of 
surface rupture and the WecMabude OF Une resulting earthquake, 
depending on the type of movement. Simply stated, the longer 

phe fault, the, larger whe earthquake; but the exact re La tvonshap 
depends also on the type of movement. 


Fault movement can be divided into three basic types DPLIvstraved 
in Figure 12. The type most commonly associated with recent 
Noimiicbeye als eimest)d—scaluiel movement because it is the dominant 
movement occurring on the San Andreas fault. It is characterized 
by horizontal slip of the two adjacent blocks relative vO each 
other, with the dominant direction of movement beimee parallel cS 
the trend of the fault. The alternative to strike-slip movement 
Verdip=slip, or Up-down, movement. Faults of this type, however, 
should be separated into those that result from a pulling-apart 
or tensional movement, and those that result from a pushing-together 
or compressional movement. The former are called normal faults, 


Pah 


perike=-slip or Laveral fault 


Normal (dip—siip) faudt 


Reverse (dip-slip) fault 


Rieure 2.” Types of fault movement. 
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and the latter are called reverse faults. 


The relationships between length of rupture and earthquake 
magnitude for strike-slip and for normal faults are Shown om 
Figure 13. Data is at present inadequate to Get une Avaitlerence 
in the relationship between normal and reverse faults, but the 
theory as to the forces involved suggests reverse Peulis Should 
generate larger magnitudes for comparable RAI sen VOU CURE. 


The discussion above is for recent fault breaks that can be 
identified on the ground after the earthquake. The evaluation 

of a fault's capacity to generate an earthquake, based on data 
other than earthquakes that it is known to have Bene raved, 
involves an estimate of the length of the segment expected to move 
and the type of movement most likely to occur. iis Cequ res sEnarG 
the length of the fault be determined, ~and Unen that the extent 

Gf individual seements of “the fault most likely FO) ICH ERE sie 

one time be determined. This process is very subjective, and 
depends! now only on the invererever, buv eso. orm tne detail fod. 
knowledge of the fault. 


Cle Practical Problems in Fault Evaluation 


i) Dating se Pauly 


Dating the most recent movement of a fag lueis More OLiticuly than 
lig wenerally Delicved., lhe process icCmecocehiio ye One of Locating 
the most recent beds cut by the fault, and the oldest beds ig Hie. © 
overlie: tie faudtepMt. are. uct cuu by 2G. lf Uhestwo (sets Gf beds 
can be dated, then the time of most recent movement is within 

the interval between the ages of the two beds. This process 

is shown diagrammatically in Figure 14. 


The process is relatively simple im CoOncepy, YUL May be very 
difficult if not impossible to apply, depending on CONG LONS. 
Minsso, une process reduires theac relatively young beds be preserved 
overlying the fault; and, second, BhaApeUney seanmDe Caved Within 
the required limits of accuracy. Paltees Werte ward y Ma j.O1 
faults, are known to exist because they are exposed and can be 
mapped on the surface. That is, they are not covered along most 
of their leneth, bub only at. isolated Localitues 2s along streams 
or rivers or by terraces along the sea COxActe sinese Teolaved 
Tocalities are critical bo esrablishing the Minimum Came since 
Pre tact movemeny ona teuly, tf these key beds are Mou. Dresemy 
within an area being investigated, it may not be possible to 
evaluate the activity of the fault from data obva ined within that 
eurlevehn 


The second problem is dating the beds overlying the Talib. 
"Dating" as applied to nuclear power Clan Sloing requires 2 
determination of the age in years of the ONSOrs| @tOny 1GNeaee ON, iElets 
fauiGine. “lO .do vhis, requires fia meveriak Suitable for carbon 
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LSOuove BANA lysis Ve —vecCovereC: trom wlemcCiiulCa ly Dedsn,Or 

thab good correlations be established with beds That nave 

been, Of chav Can pe. daved anovears es nance Une searcion .or 

fossil maveriais” is only merely preserved Ins Oune sediments, 
dating beds. it Wears. may pe avery aif ivcule, 12 not ane impossi ple 
hesk. hor many hatdies 2 


Amore practical approach 1S the Gaping of faultc, using the 
Peo lovie SYStem Or ese Adentilicabwon., The devinitlon of 
MaCinVve ano M pevencaatly Sevive. dates LOr purposes oF 
the Alquist=Priolo Act (sea Introduction) are phrased using 
PeCLOGLG 2fe, “Such ages are normal by essigned as apart of 
Che Peclogcve MaAppane Band snVestleavion Of am sree.’ bun - Tne 
evidence for the age of the younger beds (alluvium, terrace 
deposits, evc!) is soften regional or imterred rather than 
Vdirece”. Thus; theyrmay net ber aAccepeanle as) a part sor 
Die “Girece evidence” Tor Ue Stave Of aclivat yee es 2 au Lt 
aS -PeQuilrea Dy TNS tate Geolozist for special studies Zones 
esuaplisned 25 required by the Algquist=—Priolo Acc. 


2) Aetivity Based On Seismicity 


The locations of most of the earthquakes (i.e., e€picenters) 
Im Calarornala are surriciently Ghose CTo@kaown active faults 
to be "assigned" to those faults as their source. However, 
there are a significant number of earthquakes whose locations 
Cannov be associated with any known fault, much less 4 fault 
for which there is other evidence of recent movement. Earth-— 
quakes of this Lype can be considered asa “background” of 
seismic activity that is composed primarily of smaller quakes 
(Richter magnitude 4 or less), but which also includes some 
in tne wente of 47605: 


fhe problem of separating this “background” of activity 

from that which should be assigned to partacular faults is 
complicated by inaccuracies in locating earthquake epicenters. 
pS eeresult. they locavions of epilcéiters. (partreularty those 
smaller than magnitude 4.0, may be in error by several Maines. 
and the assignment of most epicenters to a particular fault 

is subject to considerable question. 


A somewhat related problem is the relatively short Leneyn 

of the anstrumental record of earthenakes in Caviforniea. 

Time periods relevant to faule aecbivitcy diccusseda to this 
point have been of the order of 10,000 to 11,000 years (Holocene 
time) up to 3,000,000 years (Quaternary time). In contrast, 
the Anstrunmental record is only abous 40 years in lengtn., with 
qualitative data for larger earthquakes (e.g., the 1857 Fort 
Tejon earthquake) extending back to the early 1800's. This 
record can be considered reasonably representative of a 100- 
or 200-year period, bul 1s certainly, imadequate for extra— 
pol@cions Of the order of thousands of years. 
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e. Summary of Methodology 


The potential hazard of a particular fale canwee CeecrL ved =n 
terms of its activity and capability. For purposes or comparing 
faules, activity is, described in verms of the recurrence intervals 
for earthquakes of various magnitudes. 


The capabiiaty oOo: a fauly to generate earthquakes is described 
in terms of the largest earthquake that it should be expected 
to generate (i.e., "maximum expectable" earthquake). This 
determination is based on the length of the fault segment that 
is likely to move, and, because Ofe Uhe aasumpL Lone involved, 
is rather subjective particularly for faults waitin low Levels 
OLwaectlyv uy . 


The activity and the Capability of a Fal tesnoula pe considered 
in that order because the capability may be relatively un- 
dimoertany af the activity level is toe eine Mrnanum seve Ot 
activity vunav, should be Considered. as constituting a hazard in 
any peartleular area, is related vo acceptable risk, and is, 
therefore, a matter of public policy. Also, vhne minimum Level 
Of activity, (nat may be considered hazardous with respect to 

a fault as a source of earthquake shaking may Git rer Lrom he 
minimum level for ground rupture. For these reasons, and 
because the various jurisdictions involved may wish to 
establish different levels of acceptable risk, the activity 
level and capability are discussed for each of the major faults 
in the study area. However, it should be emphasized that a 
relatively high capability does not necessarily indicate 

a high level of hazard. Capabilivy 1s amportant if activity 
exceeds minimum levels of acceptable risk. Teele aso OL 
importance as an indicator Of faults requiran= particular 
aveentiom., DUL, lu sould not. be Considered by itself’ as an 
indication of hazard. 


2. Sierra Madre Fault System 


The fault system that bounds the POC ieee she oan) Gabr vet 
Mountains extends from Cajon Pass on the east eG at, (ease Che 
San Fernando area on the west. Major fault segments include the 
Cucamonga, Sierra Madre, San Fernando, and possibly the Santa 
Susana and San Cayetano faults at the west end of the system. 
Faults associated with the Sierra Madre within or near the study 
area, and included here within the overall system of faulting, 
include the Duarte and Lower Duarte faults on the east and 
numerous unnamed segments along the extent Oo: the sierra Madre 
Cau Wo eZone. 


The primary evidence for the recent activity of this fault system 
46 the 1971 San Fernando earthquake. This magnitude 6.4 earth- 
quake occurred as the result of the upward (thrust) movement of 
the mountains by about 5 feet along a length of approximately 

10 miles between Sylmar and Big Mi@nuea Canyon. Lt established 
that this fault zone is active, and the source of potentially 
damaging earthquakes. 
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Additional evidence for recency of movement are faulted Holocene 
(Recent) alluvial gravels in the Arroyo Seco and older alluvium 
at several other locations, scarps on the fans near Cucamonga 
(Bekis, 19238), and the presence of fossil Soil containing small 
roots underlying the thrust fault some TOO eeu 10t0 Une ron 

of the range exposed during the excavation of the Glendora Tunnel 
(Procvor et al,er970)s. This wounne Tis 6.2 miles long, extending 
from San Dimas Wash to Morris Dam, and was built by the Metro- 
politan Water District in 1966, The £followine description is 
excerpted from Proctor, Payne and Kalin (1970). 


Mie sequence, thickness and lithology of the Sierra Madre 
(Cucamonga) fault zone are as follows: Ata dpetrance of (UC 
feet north of the base of the hills, and 370 feet below the 
surface, Upper Miocene Puente Formation shale and gouge rest 
directly on terrace conglomerate and on fossil SOil.) Sines souge 
is blue and yellow, soft, molst, and is up-to 9 tect Greece. UG 
also is entirely absent at some places where the shale Ls in 
contact with the terrace deposits. Overlying the gouge is 70 
feet of oil-stained, crudly bedded shale breccia, followed by 
110 feet of intermixed shale, granite and gneiss breccia; and 
finally 60, feet of chaotic: shale breccia containing Giron ive 
fragments. The true thickness of the fault zone is about 140 
feet. The fault plane varies in its inclination, but the average 
dip 45 approximavely Ul 'desrees north. 


The best exposure of the Sierra Madre fault is in Arcadia's 
Wilderness Park, on the west side of the canyon wall just up- 
stream of the bridge that crosses Santa Anita Wash. Here 
crystalline basement rocks (gneiss) have been thrust over 
alluvial stream gravels. The fault plane slants down toward 
the north under the mountains at about 35 degrees. 


Another good exposure of the Sierra Madre fault was made in 
LS7h at Caltech'’s Jev Propultion Laboratory iv Pasadena. Frayne 
and Wilson (1973) have described the exposures as follows: 
"Converse, Davis and Associates performed a foundation inves- 
tigation for the vehicular bridge crossing the channel. A 
branch of the Sierra Madre fault was discovered in the basement 
rock thrust over recent alluvium. Dip-slip movement of 0.8 
foot was present in the most recent alluvium. A minimum of 

185 feet of similar movement within Quaternary materials was 
deduced after a rotary boring was. drilled some 25 feet north 

or the fault trace. The fault. can be seen in the road—cuct on 
the east side of the channel approximately 3500 feet north 

of the gate, and across the channel within the facility in 

the cut north of Explorer Road between Buildings 176 and 98. 
Additional rotary holes were drilled within JPL and several 
faults were encountered, the traces of which were projected 
through the Tacilicy, 


34 


Information bearing on the Duarte and Lower Duarte faults is 

not as complete as for the Sierra Madre faut propery DULL they 
apparently offset Holocene river gravels with a resulting 200 

foot groundwater anomaly. They are, therefore, considered active 
along with the main trace of the Sierra Madre Gad Woe i ROr ma G1 On 
is at this time not adequate to establish which branches are the 
most recently active, but this fault system (Sierra Madre-Santa 
Susana-Cucamonga) is included in the list (Hart, 1974, Table 4) 

of faults to be zoned for special studies under the Alquist-Priolo 
Act during the Phase II (1974-1975) program (see Appendix B). 


Recurrence intervals for the Sierra Madre fault system are 
difficult to establish. There is no continuing seismic activity 
that can definitely be assigned to the fault other than the San 
Fernando earthquake and its many aftershocks, and no long-term 
measurements of crustal strain have been made. The evidence 
which does exist is primarily the amount of offset of late 
Pleistocene or early Holocene (Recent) features such as the 
scarps on the Dry Canyon fan near Cucamonga anc eee olbRset: “ok 
the faulted gravels in the Glendora Tunnel. 


Based on this type of information, Lamar, Merifield and Proctor 
(1973) have estimated the recurrence H#nvervals, at “a point on 
thee LaulG ase 1 OlAlows-. 


Earthquake Magnitude Point Recurrence (Years) 
6 100 
fe 300 
8 800 


These values are compatible with the 200-year age cdaitaric ou «a 
wood fragment taken from material involved in an older San 
Fernando earthquake (Bonilla, 1973). 


Of the above values, Lamar, Merifield and Proctor @Gonsider the 
macnitude 6 or) 7 events, as; the most probable or most likely to 
occur. The Division of Mines and Geology (Greenfelder, 1974) 
assigns a magnitude of 6.5 as the maximum probable earthquake 
for each of the major segments of this fou lta. coiace the 19/1 
San Fernando earthquake was magnitude 6.4, it is reasonable 
that the maximum probable, or maximum expected, earthquake is 
approximately magnitude 6.5. 
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Dr. Clarence Aller of the Galblrornia Insticute of Vechnology 
suggests (in Lamar, et al, 1973) that the maximum credible 
éarthquake, which could occur somewhere along Sierra Madre 
system, could have a magnitude of 7.5, and a recurrence 
interval of about 200 years. This recurrence interval is for 
the entire Sierra Madre system. The magnitude 7.5 event can 

be expected about every 600 years on the Sierra Madre segment 
of the fault system, if nine feet of movement (Lamar, Merifield, 
and Proctor, 19/73) as assumed” form each “event. ihe maximum 
eredible earthquake is normally applied to structures such as 
atomic power Dlants, bul 1s nov normally a design consideration 
for normal wees or Critical uses such as hospitals or schools: 


3, Raymond Hill Reault 


The Raymona Hitl Pauley ts “a reverse, Lert—siip Tavuit with 2 known 
lensta of La mies > extending through pie cities of Monrovia, 
Areadia, San Marino, Pasadena, south Pasadena, the Highland Park 
area of ios Angeles. end possible extension agntvo Glendale via the 
York Boulevard faulv,. into which iv merges. 


Evidence for recency of movement was recorded by Buwalda (1940) 
where he described a 4-foot scarp in Holocene Alluvium in San 
Marino, and Proctor (1974) has noted evidence suggestive of creep 
alone the Pauley (see Plate 2). I ts @ sienificant groundwater 
barrier, ween Genuhs tortie waver Cable more) phan m00 feet deeper 
on the Soul siUe ol che auc Clalit. Div, Waver ses., LOA; 
G.D.W.R., 1971). Before heavy pumping, the fault was a barrier 
to an artesian pressure surface north of the fault (Mendenhall, 
1908). Alewine and Heaton (1973) had tiltmeters installed along 
the Raymond Hill fault during the 1973 Pt. Mueu earthquake, M 5.8, 
and the résultant tilts associated with ground shaking suggested 
about 2 cm of oblique left=-slip alone the fault plane at a depth 
of 2 km. 


The Raynond Hil fault may mov Mave Moved 1m iisGoric= tine (last 
205 years), but probably moved shortly before. Physical evidence 
LO eas LoS tite GurupLiess Of Cie Salt scarp, as seen exvending 
through the Los Angeles County Aboréetum in Areadia and Huntington 
hiprary in oan Marino: “This dndicates erosion nas not had enough 
pime Go erode Zt. signin icanvly. Also. The presence “of Sac ponds 
or -Cepressions alone the fauly trace, stlch as alone Baldwin 
Avenue between. Hugo Reid Drive and the Aboretum and Lacy Park in 
pan Marino, suggest recent movement. Most importantly, headward 
Sroswon of Small seullys extendin= nortiward or Upslope trom vhe 
scarp has progressed only a few blocks since the scarp was formed. 


Age=dating of SoLlbaun cracks Sssociared. with une fault {eas exposed 
in a trench in San Marino, yielded a C14 date of 3000 years before 
present (Payne and Wilson, 1974). Assuming the soil is the same 
age or younger than the cracks, fault movement has probably 
occurred within the past 3000 years. 
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Surface cracks reported by Proctor (1974) may be the result 

of tectonic creep, or may be caused by groundwater removal in 

the Raymond Basin causing differential settlement along the 
faulteplanes. Stgnificant cracks were first reported in 1970 

at the San Marino High School girls gym and boys shops. In 

1972 cracks developed on the south side of Sunnyslope Reservoir, 
along the trace of the fault. Cracking activity has since dimin= 
ished at both sites. Cracked streets and curbing at the inter- 
section of Avenue 67 and Hough Street west of the Arroyo Seco 

may be the result of small movements of the faulp. Perigieas 
springs at Arroyo Seco Park in South Pasadena appear CORDe On 
fault traces, and several stream channels shown left-slip offsets 
of 500 to 800 feet. Three closed depressions or sag ponds are 


knewn alone the fault, as shown om Plate aii. 


Trev Raymond Hill feult as ineluded iia vne Tis (arty 1974) of 
faults to be zoned for special studies under the Alquist-Priolo 
Act during the Phase II (1974-1975) program (see Appendix isa? 


Firm data on which to base an estimate of a recurrence rate for 
the Raymond Hill fault is not wavallabiler Recorded earthquakes 
cannot be definitely assigned to the fault, measurements OF 
crustal strain have not been made, and offsets of geologic units 
are too indefinite to be useful. Dr. Clarence Allen of Caltech 
has suggested that a magnitude 7.5 earthquake may be assumed 

to occur along the Raymond Hill-Santa Monica-Malibu Coast fault 
on the average of about once in every 5000 years. Cis ears 
suggests a recurrence interval of about 500 years for a magni- 
tude 6.5 event, and about 100 years for a magnitude 5.6 event. 
The latter two earthquakes are more pertinent to the levels ot 
risk <concidered herein. 


he San Andreas Fault 


The San Andreas fault zone has been divided by Allen (1968) 
into several areas of contrasting behavior (Figure 15). The 
area of particular interest is the segment between San Bernar- 
dino and Parkfield that generated the Fort Tejon earthquake 

of, 18562 “Uhie waseone of the fvhree “great earthquakes" of 
California's historic record, and this segment of the fault 
has not moved since. It is the closest part of the fault to 
the area, and is generally considered as the segment capable 
of generating the largest earthquake. 


The segments of the fault to the northwest and southeast of 
the 1857 break are "active areas" that experience earthquakes 
of medium to small magnitude on a fairly regular bacis. - che 
1857 break, however, is not moving, but LS SsvoOring energy. 
The approximate range of this storage can be deduced from the 
movements at either end. Pertinent data, summarized in 
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Figure 15. Areas of contrasting seismic behavior 
along the San Andreas fault Zone in 
Cad aan orrnt a. 


(From Allen, 1906, pm. 72) 
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Table 3 indicate that movement in the northwest is occurring 
et raorate of 5-6 cmyyr walle that in the southwest “ls approx- 
imately 8.5 em/yr. Current theory suggests that the differen- 
tial between the two rates is being taken up in the Transverse 
Ranges near the south end of the segment, and that a rate ony 
approximately 5-6 em/yr is applicable to most of the segment 
of the 1857 break. This rate is compatible with other consid- 
erations (Brune et al, 1969) relating to movement on the fault. 
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TABLE 3 
STRAIN ACCUMULATION AND FAULT SLIP 
CENTRAL AND SOUTHERN SAN ANDREAS FAULT 


(From Greensfelder, 1972) 


Strain Accumulation and Fault Slip 


a. San Francisco Bay Area, 5 - 6 cm/yr displacement between 
1906 - 1969 Mt. Diablo and San Francisco 
Penninsula; both strain and 


Area and Triangulation Net 


1. Central California Active Area: 


fault slip- 


b. Salinas River, 1944 - 1963 3-cm/yr slip on San Andreas 
fault. 


2. Area of 1857 Break: 


a. San Luis Obispo to Avenal, 1.5 cm) vr islipand strain: 
1932 = 1951 
be ‘Gorman, 1955 —71950; No significant movement detected. 


Palmdale, 1938 - 1958; 
Cajenmse asc, 1949 = 1963; 
Newport Beach to 
Riverside, 1929 - 1953 


3. Southern California Active Area: 


a. Imperial Valley, 1941 - 1967] 8.5 cm/yr regional displacement. 


See Figure 15 for location of areas. 
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Ties tern tuude. on the cart nquake seneraced Dy Slip on a fault 
Ao eo0prosimacely vropertional to the logarathm Cbase 10) of 
the movement (surface displacement) that occurs. Data on 
displacement and magnitude compiled by Bonilla (1970) for 
the San Andreas and faults of similar movement are listed 

ime tapee 4 and sare plotted on Higure 16, The fitting of a 
StUralrentlanecurve=tO-the -davais somewhat arbitrary; and 

i Vitis: Process: Fie Valucs for the San Andreas iuseii are 
Siven more weigne. 


Table 4 
FAULT DISPLACEMENT AND EARTHQUAKE MAGNITUDE 
STRIKE-SLIP FAULTS IN CALIFORNIA 


Fault Earthquake 
Displacement Magnitude 
Fault Year (feet ) (Richter) 
In. "San Arnidreas 1906 20 8.3 
oe Imperial 1940 19 ge 
ps Mannix 1947 OWES 6.4 
4. Imperial 1966 0.05 3.6 
5. san Andreas 1966 On6 5.5 


Magnitude and displacement (Figure 16) can be combined with 
GTatesor Grsplacemenc vo Cive recurrence invervals for various 
macnicgudes. | Figure J/ ishows thiserelatirenship for four rates 
of displacement. The most important consideration is that 118 
years have passed since this segment last moved. Regardless 
of the rate of displacement assumed, there is probably enough 
energy stored in this segment of the San Andreas fault to 
generate a major earthquake at any time. If a 6 cm/yr rate 

LS Valid, the energy stored jalready ts suriicient, to generate 
an earthquake of a magnitude of approximately 8.3. This is 
the estimated magnitude of the great San Francisco earthquake 
Otel O0.E. 


The reasoning developed in the paragraphs above is not new to 
most geologists, seismologists, and earthquake engineers. It 
is the reason one hears from time-to-time about the prediction 
Of @ “great earthquake” on the San Andreas fault near Los 
Angeles. From a scientific standpoint, such an earthquake must 
besimminentac Bhe question 1s not "if", it is "when", and the 
Longerwitawants, the larger 1t will probably be. 
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For purposes of further analysis in later sections of this 
report, the magnitude of the expected earthquake is taken at 
8.5. No specific recurrence interval is required for risk 
evaluation, as the event appears certain to occur sometime 
within the next 100-year period. 


5... 8an Rafael and Bagle Rock BMaults 


Tae San Rafael fault and the Hae@le Rock fault can be considered 
the southerstern extensions of the Verdugo fault. | They are 
present alone the wesvern edge of the study area @iate gy), 
With the San Rafael fault deine exposed.as, the. bounding fault 
between granitic and sedimentary rocks in the Arroyo Seco. 
Neither of these faults is known to cut Holocene (Recent) 
alluvium or Pleistocene terrace deposits in the area (Lamar, 
1970, Plate 1)>}. and they are présumed to be inactive. 


S&. Bavon wash Faults 


Two subparallel faults are shown as trending northwest along 
Baton Wash Gwicie cittes of Pasadena and arcadia, mor a4 leneth 
Of 34% Miles by wne Caltiornia Department wor Water Resources, 
(197i). The Bos: Angeles, County Flood Control District map 
(960) Goes. nots show Chis sbarrier, and in Tact terminates (vie 
groundwater contours at Eaton Wash because there are insuffi- 
efent data points east ef there (See Plate I and Figure 14 in 
fhe C.D.WeR. 1971 report to compare datapoints with essumed 
groundwacer conbours.s). / imepection of well, records at the 

Los fngeles County Klcod Cortroimotlice Mas. veri tted vie lack 
of data east of Baton Wash, and tausuceestive scarp-like Peature 
along the east side of Eaton Wash is more likely the edge of 
Ene LTlocdplain.. These fauits are not comsigercd further 
peGcaise Of a Pack-of s00d “evidence of stneGir existence. 


ee Maakhig wakeie Itenbibe 


The Whittier fault is the northwestern segment of the Whittier- 
Elsinore fault zone that extends from near the Mexican border 
(Legune Salads, sermeni) to justinortn of ane ity iof Whither 
(Jennings, 1973). Jennings map shows, the faults as having 
Queternary displacement, (during Last 2.million years), but 
without historic (last 200+ years) movement.  Ziony, Wentworth, 
Buchanan-Banks and Wagner (1974) show the fault as being active 
in the Pleistocene (at least 1177000 years ago) but not the 
Recent. 


The Whittier faulc is Cursi#de the study area, pu irs ine luded 
here because of its potential as a source of ground shaking 
within the area. Greensfelder (1974), on his map of Maximum 
Expected Bedrock Accelerations from Earthquakes in California, 
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shows the Whittier-Elsinore fault as "active or potentially 
Bective seandeas tie, pOventilal source of a magnitude 7.5 earth= 
quake. sLamar, Meriftield and, Proctor (1973) estimate recurrence 
incpervals for this fault-zone as Tollows: 


Point Recurrence Interval 


Earthquake Magnitude (Years) 
6 300 
7 2000 
8 6000 


However, they emphasize that this estimate is based on geologic 
slip averaged over the last 6 million years (4.8 km/6,000,000 
yearsor= 000 *CM/yr)Gsangy nate where 1s) mo) seismic)or svuradn 
evidence: tO) SsUbstantiabe rates Of movement or the size earth- 
quake to be expected. It should also be noted that much larger 
GOfrcets (32 km) are posuulaved for the middle Miocene suggesving 
that movement may be decellerating, and that rates derived 

from averaging over long periods of geologic time may not be 
applicable! TO.tne presente 


For purposes of this report, the Whittier fault is considered 
active and the potential source of a moderate earthquake. The 
magnitude 7.5 earthquake of Greensfelder (1974) is considered 
the "maximum credible" event, and the magnitude 6.0 event 
ofsiamar, Merrifield ama Proctor (1973) istconsidered) the 
"maximum probable" or "maximum expectable" earthquake. 


8. Workman Hill Fault Extension 


A northwestward trending buried extension of the Workman Hill 
fault has been suggested by oil well records COadiiit DED ts 

Water: Resources «2100608! "Ihe Tault can be seen in the hills east 
of Whittier Narrows Dam and its extension would lie near the 
study area under the cities of Industry, Rosemead, and joen Gabriel. 
fis Wocetiom te besec on @ 5000-Toot difference in-depth co 
basement rock between two oil wells south of the San Bernardino 
Freeway. The basement could be folded here to explain the 
difference in depth (Kingsley, 1963), but a fault explanation is 
more probable. The Quaternary sediments apparently are not 
affected because there is no groundwater barrier in this area; 
and this fault is, therefore, not considered active. 


On J0pherabaults: (noone cal healaclont ts 


Three or possibly four faults can be projected into the: eastern 
San Rafael Hills based on mapping by Frankian & Associates (1968) 
in Glendale. There is evidence for Pleistocene movement along 
atleast one: of these faults, (Sycamore Canyon faudste) abit sphey 
are not known to cut the Holocene (Recent) where they have been 
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mapped. They have not been mapped in Pasadena, and are considered 
herein as questionably present (Plate I), and probably inactive 

if present. However, very little data is available, and additional 
investigations may be advisable, particularly on the Sycamore 
Canyon fault. 


LO. Other Faults ineitie Reperro Boivisks 


Numerous faults have been mapped in the Repetto Hills by Lamar 
(1970) and by Quarles (1941) including the York Boulevard fault, 
the Hightand, Park fault, andthe Blysianebark Tault., [ney are 
shown as Cutting Tertiary rocks, butenot the Pleistocene, old 
alluvium or terrace deposits. Available evidence, therefore, 
d#ndicates Uhat these faults Have not beeneactive since early 
Pleistocene (about 1,000,000 years) or before, and that they 

Can be “considered as aneactive: 


Li... summery of sfauluing 


Of those Faults located within the study area. the sierra: Madre 
fault Zone 2nd ats major branches, such as. the Duarte and Lower 
Duarte faults, and the Raymond Hill fault are considered active 
ane @ Significant hazard with respect tooerounds rupture. These 
faults are included in the Phase Tl program or the Division of 
Mines and Geology in implementing the Alquist-Priolo Act, and 

the State Geologist will probably establish a Special Studies 
Zone or Zones along these faults sometime in 1975. Documents 
dispribuced tomdare by the Division of Mines and Geology relevant 
Go this eco are imeluded as Appendix cb of this report. 


Tie Sycamore Canyon fault dn the eastern’ San Rafael Hills can 
be considered potentially active based on data obtained from 
mapping in Glendale. Additional investigations to further define 
this feude and its state of activity an Pasadena may be advisable. 


Active Taults located withinwthe study area or suitielently ciose 
to be the source of potentially damaging earthquake shaking 
include the Sierra Madre fault in) the northern part of the»study 
area, tie Raymond! Hill fault mear the center iol the: area, the 
Whittier fault south of the area, and the San Andreas fault to 

the north. Recurrence intervals for earthquakes expected on these 
faults are summarized in the next section. 


Ce. Risk 


The analysis of events to be expected from the several faults 

in the study area has defined these events in terms of a 

magnitude and a recurrence intervala ~The level of risk associated 
with each event is indicated by the recurrence interval in much 
the same manner as the risk from other natural hazards, such as 
flooding, is defined by a recurrence interval. For example, it 
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is common practice to design flood-prevention works to accommodate 
the flows from a 100-year storm. Where a higher level of protec- 
tion is desired, as for example along the Los Angeles River, the 
design levels are increased to accommodate the flows from storms 
occurring at roughly 300-500 year intervals. 


The risk of earthquake should be considered in a simi tar manner. 
Design for the 100-year event is considered minimum; where a 
higher level of protection is desired, such as for hospitals, 
design levels should be increased to protect against earthquakes 
with longer recurrence intervals. Design magnitudes recommended 
for the three levels of use for earthquakes expected from the 
Sierra Madre, Raymond Hill, the Whittier, and the San Andreas 
faults are listed in Table 5 on the next page. 


The risk of an earthquake from the San Andreas fault is a 
special case. As discussed in the previous section, a major 

or "great earthquake" is considered imminent. As a result, ae 
structures except possibly limited occupancy should be designed 
for an earthquake of magnitude 8.5 on the San Andreas fault. 


Hl 
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TABLE 5 


RECOMMENDED DESIGN MAGNITUDES FOR THREE 
TYPES OF USE FOR POTENTIALLY DAMAGING 
EARTHQUAKES IN WESTERN SAN GABRIEL VALLEY 


Approximate 
Recurrence 
interval 
Use (Years) 
Limited occupancy (warehouses, 
eauromatred manuracturinge facilities, 
etc.) 50-100 
Normal occupancy (residences, 
normally occupied factories, etc.) 100-200 
PEleacoiatocmiatses (hospitals. 
Tire anc’ police stations, schocis, 
errticaWutllities, etc.) 300-800 


Pauls 
(Source of Earthquake) 
pilerra Raymond San 
Madre Hill Whittier Andreas 
_a% 5.0 45 eee 
6.5 Sele pee Son 
oS Cas 6-20 G5 


x 
Vit Provaoly Not cccur on this Pawlv. 


seismic history of the Sierra Madre fault suggests that smaller earthquakes 


D. EARTHQUAKE SHAKING 


i. soources: of Expected Shaking 


The sources of expected earthquakes, their magnitudes, and the 
risk of their occurring expressed as recurrence intervals has 
been developed in the previous section. Of the earthquakes dis- 
cussed, those expected from the Sierra Madre fault system are 
the most important because of the proximity of the fault system 
toumost of the study @rea,.and the extents of the. data that. indi-= 
Gaces thap the faulG ise active andecapaple of7eencrating?a 
damaging earthquake. 


Mich skees! 16 known about the: Raymonde Hil] maudt. tt is considered 
active, but recurrence data on which to base a good estimate of 
risk +s. lacking. However, this fault ads:centrally located within 
the study area, and damage could be very significant should a major 
(magnitude 6.0 or greater) earthquake occur on this fault. 


The Whittier fault is of lesser importance because it is not expected 
to generate as large a magnitude earthquake as the Sierra Madre fault 
and 4, is located cutside, the, study area.) HMowever,)the Whittier 
fault toacloser «to the’ southern part.of the study area than is. the 
Sierra Madre.-raults., Jjand. could er eienit i canty there, 


The San Andreas fault is located approximately 20 miles to the north 
of the study area, and the effects of a "great" earthquake (magnitude 
8+) on this fault could be comparable to those expected from the 
SHerrerwMedre fault... Whe durataon, of, “strong! shaking of.the san 
Andreas earthquake will be several times longer (40-60 seconds as 
opposed to 12-15 seconds for the Sierra Madre event) than thar of 

the expected magnitude 6.5 earthquake from the Sierra Madre Paule, 
and cuts ebtect..om teil bul kdines, im, particular could.pbe significant. 


The following sections of this report treat the analysis of earth- 
quakes expected from these four faults. Other known active faults 
in the region, such as the Newport-Inglewood to the southwest or 

the San Jacinto to the east, are at greater distances from the study 
area than those being considered, and the effects of expected earth- 
quakes on these faults should be less than those developed for 
earthquakes [rom the-«lour subject. tTaults.. 


2», Invensivy of Recorded Earthquakes 


The following is a chronology of earthquakes that have been either 
widely felt or damaging within the San Gapriel Valley. Prior vo 
spour 1932, locations for earthquakes are less certain because they 
are based on qualitative rather than quantitative observations. 
Simee that time, epicenter locations are assigned from seismograph 
data, but even these locations may be uncertain by several miles 
because of the assumptions involved in computing distance from che 
recorded arrival times. 
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1769, July 29. This is the first historically recorded 
California earthquake:  1t was felt strongly by the Portola 
expedition camped on the bank of the Santa Ana River, near 
the present town of Olive. Because the expedition continued 
to feel aftershocks for several days, it was probably a large 
event on a distant fault. Speculation is open as: to what fault 
might have been responsible, but there is a suggestion that it 
may have been the San Fernando fault. The age dating of a fault 
movement in the San Fernando area as having occurred about 200 
years before the 1971 earthquake (Bonilla, 1972) would coincide 
approximately with this earthquake. 


1812, December 8. Based on damage intensity, this earthquake 
is thought to be located somewhere offshore near San Juan Capis- 
trano.°  1t caused fatal damage at Mission San) Juan Capistrano and 
also caused some damage at Mission San Gabriel. There is not 
enough evidence to locate the epicenter, or to associate the 


earthquake to a specific fault. 


ROW. July 10. Reports suggest this earthquake has important 
bearing on the risk of strong shaking. Heavier local shaking may 
have transpired than in the great earthquake of 1857 (see next 
entry). In the 1855 event, many houses in Los Angeles were 
damaged, bells were thrown down at San Gabriel Mission, and the 
Hugo Reid adobe was wrecked. The Hugo Reid adobe has been re- 
Stored on its original site’ av the County Arboretum in Arcadia 
-—= directly in the disturbed zone alone the Raymond Hill fault. 
ExX@oving, peologie Teatures alone this fault strongly suggest 4 
very recent displacement, which might well have been the 1855 
event. (We are grateful to Lindvall, Richter and Associates 
for calling this information to our atvention.) 


LOST January 9. This great earthquake was accompanied by 
surface displacements along the San Andreas fault, extending 
More than 200 miles from the Carrizo Plain in sem Luis Obispo 
County, to San Bernardino. Water came to the surface at points 
inthe San Gabriel Valley, and lurch ‘cracks and possible Jique- 
faction were reported at Temple's Ranch ("La Merced Ranch" at 
the present site of El Monte) by Barrows (1857). Based on 
Similar length of fault rupture, the magnitude of the event 
is usually estimated as comparable to that of the San Fran- 
cisco earthquake of 1906 (8.3). 


1899, July 22. Centered near San Bernardino. Slides in 
Cajon Pass, Slight damage eas far west ‘as. fos Angeles. ~ Probably 
the largest shock on the southern part of the San Andreas fault 
since 1857. . 
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1899, December 25. Centered on the San Jacinto fault in 
the mountains southeast of San Jacinto, where there was much 
damage, including six fatalities. Felt over most of Southern 
California: 


TOL; May Sl. The largest earthquake atteriputablbe to the 
Elsinore fault. Damage in Corona area. Healt sover “aelLarge area 5 
damage in San Gabriel Valley was Siligenv: 


1918, April 21. Centered on the San Jacinto fault near San 
Jacinto. Much small damage reported in Los Angeles. 


1929, July 8. Damage in the area of Whittder, Santa’ He 
Springs, and Norwalk. Magnitude 4.7. The data are not.-con- 
sonant with an epicenter on the Whittier Faw sceaouep De eee? cat 
the Norwalk fault (Richter, 1958). Other earthquakes, mostly 
smaller, have been assigned epicenters on the Norwalk fault.ae 
infrequent intervals. 


1933, March 10.°" The Long Beach earthquake of magnitude 6.3 
resulted in intensities of V to VI in the study area. This 
earthquake is attributed to subsurface faulting along the 
Newport-Inglewood zone, with the epicenter of the main shock 
Off Huntinevon Beach. 


1952,.duly 2l.) 8 major earthquake (naenivude 7.7) centered 
in Kern County resulting from displacements on the White Wolf 
fault. Severe damage at Arvin and Tehachapi with intensities 
of V-VI in the study area. Expensive inverior Gamage in Some 
of the larger old buildings in Los Angeles region. Notable for 
geographically wide extent of felt area due to long-period vibra- 
CiLons. 


1967, November 12. Minor damage in the Whittier area; 
magnitude TY... Whittier fault probably responsible. 


1971, February 9. The San Fernando earthquake of magni- 
tude 6.4. Shaking in the eastern San Gabriel Valley was 
generally intensity Vi. slightly greater chan in the Long 
Beach earthquake of 1933. Several older buildings razed in 


Pasadena and Glendale area. 


The intensity of shaking during past earthquakes can often be 
used as a rough check on the more quantitative methodology used 
to derive data useful to engineers, or toldetecs variations in 
shaking at different locations on different types of materials. 
However, the intensities experienced in the eastern San Gabriet 
Valley in the past have been either too low to be of value in 
comparing larger 4ntensities of shaking or too early in the 
history of the area for there to have been an adequate record. 
The analysis of expected shaking wits, emeretore,. be based 
primarily on data obtained from the study of comparable earth- 
quakes in other areas. 
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3. Engineering Characteristics of Expected Earthquakes 
a. Methodology 


The derivation of the engineering characteristics of a 
particular earthquake at a particular site is normally a 
two-step process. These steps are the two considerations 
that have been discussed in describing the changes in 
earthquake intensity; that is, distance to the source 

of the earthquake and local (conditions. Where the distance 
factor is treated as the travel path in deep bedrock, the 
effect of local conditions is the near-surface amplification 
of the waves as they travel upward through layered rocks. 
The mathematics and geometry of this calculation are shown 
in Figure 18. The distance problem is a relatively simple 
part of the calculation. However, near-surface amplifica- 
tion and the choice of type earthquakes are more complex 
problems to be discussed in detail in the next two sections. 


Be 


The spectrums Sy4s of the earthauakes Es recorded at site 15 


at distance ds from the source of the earthquake is: 
Ssy1 = E A; 
dy 
where A is the near-surface amplification of the bedrock motion: 
damping in bedrock is negligible» and spreading is cylindrical. 


Likewise: the spectrum at site 2 is: 


Sy2 = E A? 
d, 
Tnerefores 
Syo = Sy, ti Az 
do Ay 


Where Syy* Syor A,» and A, are complex functions of frequency. 


Figure 18. Geometry and mathematics of CoOMmpuLar wom OF 
the engineering characteristics of an 
earthquake. 


De 


b. Near-Surface Amplification 
1, eR iV oe Ga (Erie Lores 


The amplification of earthquake waves traveling through a media 
of differing physical characteristics (i.e. layered rocks) is 
based on two physical principles: conservation of energy, and 
the selective amplification of resonant frequencies. 


The principle of conservation of energy applies to the transfor- 
mation of the physical properties of a wave as it travels from 

the very fast, dense rocks at depth to the much slower, less dense 
rocks Or soils at the surface. In this conversion, the energy of 
wave velocity is converted to energy of wave amplitude. The math- 
ematical expression for this change as a wave travels from layer 

Oe ale 2 tee eee. 


where: AR = amplification ratio (layer 2 to layer 1), 
De SS Censtiyor Layer= iy, 
De = density of jleayer. <2. 


NE = velocity of layer 1, and 


< 
i 


velocity of layer 2. 


The above equation involves both velocity and density, but velocity 
is by far the most important. Im the overall-change from granite at 
@epth to am average soil au the surtace, the density will typically 
Chane estrein 2, (lO adD0uG vos a Tracie ol less than cil. VerocLey 
(shear-wave) on the other hand will typically change from about 
MigOOUrtTt/see to less tham S00-8L/SeCs ia Kracio of more whan 20:2, 
and 10 times the density change. 


The selective amplification of resonant frequencies is more complex, 
but in simple terms, the rock layers act somewhat like a series of 


organ pines that amplify waves of particular frequencies. The 
frequencies that are amplified are those that form a one-quarter- 
wavelength standing wave in the layer, and all higher modes. The 
Gomineant perlods of a layer ere thus: 


_ 4H 4H 4H 
T = Ty? BV? BV? el c. 
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where: T = dominant period, 


a0) 
i) 


layers todckness., and 


as 
i] 


layer velocity (shear wave). 


For most sites, with many layers of varying thickness and a 
gradual increase of velocity with depth, selective amplification 
is secondary in importance to the more general amplification due 
poraecreasing velociyy and acnsity. “However, where there is a 
very pronounced velocity change at relatively shallow depth, as 
in the Mexico City area discussed in, the Introduction, the con- 
centration) Ol enercyaim 4 marrow airequency range can be, very 
important for structures having a similar natural period of 
vibrataon:. 


In addition ito: thestworprinciples @onsidered.above,; damping can 
be important for sites) with thick, layered.sequences. Waves 
traveling inyteste dense Pocks<suchras granite are almost,un- 
affected by damping, but unconsolidated materials such as soils, 
soft sands and shales can effectively damp earthquake waves if 
they aré present in sufficient thickness. Overall, the effect is 
to cancel a part of the wave amplification of the slow, less dense 
rocks, because rocks with high amplification characteristics 
generally nave high damping factors. For damping to be effective, 
however, thick layers are required. Thus, low velocity materials 
may oe Teood sor "bad". "hi, they ane present as) a “relatively 
thin layer (15-100 feet), amplification may be very SOV maeaily < 
However, if they are present as very thick layers (several 
thousands of feet), damping can be effective in reducing the 
amplification normally expected at sites underlain by low velo- 
CAN yar COCKS. 


From the discussion above it is apparent that the most important 
Paoveical characteristic o1 4 sltewis the yelorcltvwmors velocities 
of the layers underlying the site.) Density is less Important , 

and it can be estimated from velocity if the rock types are known. 
Damping is important for thick sections, SVdeiy TOO omc Losey 
relaveo to velocity. ‘Thus, 1f the velocity of the wave type of 
interest is known, the density and damping can generally be 
estimated to an acceptable degree of accuracy. 


Earthquake shaking is the result of complex combinations of 
several types of vibrational waves. The primary components of 
earthquake waves are the so-called body waves that travel through 
the deeper parts of the earth's crust. Body waves include 
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the primary (P-wave) or compressional waves and the secondary 
(S-wave) or shear waves. For waves traveling At depth, and 
vetvracted upward to the site (FPigere 19)4 the P—waves ; 
vibrating parallel to the propagation direction, dominate 

the vertical component of shaking. The S-waves arrive later 
and vibrate normal to the direction of propagation; they make 
up the major part of the damage-inducing, horizontal components 
Or shaking. (nus; 1: as the shear waves that are of primary 
importance in the analysis of earthquake shaking. 


The oterre Madre faultetctune mined vom me hortiesh an auele of 
approximately 45 degrees. As shown diagrammatically on Figure 
if, the inetined fault plane’ results im Doncer travel paths for 
Carchquake waves On the South, or yelley sides, of the fault’ as 
compared to the paths for earthquake waves traveling northward 
from the fault plane. This asymetry about the surface trace of 
the fault requires modification of the distances used in the 
computation of the engineering characteristics of earthquakes 
expected from this source. The required modification is shown 
below and assumes that the center of the source of shaking is 
ieecated “on the fault plane ata cepth of 4 miles. 


-<__—_———}HD ——________>~ 


AREA MiG bes Hine 


where: 


d = modified distance to earthquake center (d, Of Figure 
io) am. miges:. 


distance from site to fault trace on surface in miles. 


we) 
iH 
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Figure 19. Diagrammatic SeOLOLiC Bross seevton showing path of earthquake 
waves from Sierra Madre fault. Note longer paths on South sige due vo Pie lecnieG 
fault plane. Q = Quaternary valley filu; I= VYertiary rocks; B = Basement rocks. 


2) Model Analysis 


The analysis of near-surface amplification in the study area 
is based on a series*of computer—generated amplification 
spectra based on modéls of subsurface conditions. . Velocity 
data from deep wells drifted in or near the study area, 
Senerously contributed by Standard O11 Company of California, 
was sufficient to develop models for four sites as follows: 


Well Location 
ie .wvandard 7, Consolidated Rock 
Products eee. 5, T25, RLOW 
oe. wobvbandard #1, Ferris and Se Cid Poe eh Saye ee 
Texas Co. #9-1 Puente see. 5, 025, RLOW 
3. Texas Co... #17 Baldwin Sécu Ot 2S, ew 
N ovendara #1. live Oak See =O. To. SALW 


The amplification spectra for these models are included as 
Figures 20 through 23, and the data compiled to generate the 
spectra are shown on Tables 6 through 9. 


in, addition to those generated for specimic conditions, 4 
series of five amplification spectra were generated for 
Various thicknesses of alluvium over bedrock. Velocity 
Gata tor specific- locations is not) avazlable, buc the 
Materials are similar to those in other peris of Southern 
California for which good data is available (Duke and Leeds, 
1962 and Duke et al, 1971). These spectra are included as 
Pigures 24 through 28. The application of these and the 
spectra noted above bs discussed im the sseetion or this 
report on microzonation. 
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PHYSICAL CHARACTERISTICS OF NEAR-SURFACE AMPLIFICATION MODEL 


Site: Standard #1 Consolidated Rock Products lifeh o beh Pees te) 
Shear-Wave Thickness Density 
Top of Unit _ Geology Velocity (ft/sec) (feet) (los /cu. ae) Damping 

@) 500 20 ies 2@2 

20 L000 40 das noe 

60 1600 Lo 2.0 Boke 
100 2000 100 AO 202 
LAO 2400 100 as 202 
300 Valley Hw 100 Ves Ay 
400 , igo a GE S50 240 eC 702 
640 (Recent & Pleistocene) 3600. 210 130 “202 
850 3900 160 DSS BORE: 
950 3420 LOG ds 5 02 
105.0 ; L400 100 140 .00625 
Les yas 4800 700 140 .00625 
1850 base gravels 4300 500 140 00625 
eet ees oe ae ang 950 140 00625 
Bail) . $7 50 470 140 .00625 
370 Top Mohnian 6000 480 145 00625 
4250 5000 ae) 145 .00625 
4U60 6000 640 145 .00625 
5 LOO 5500 860 145 .00625 
5960 6450 340 PSO .00625 


6300 f POO i 1200 es 0) 200025 


Aras “EN, 


| 
eS ae i 
J. OG 1. 80) il Aeon 1. 80 c. 4) GC 


Pigure 20, 


3.00 a. 
PERIOD 
#1 
R1OW. 


Amplifveavion specvrum at site of Standard O72] Co, 
Consolidate Rock = roducts well in Section 5, 25, 
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PHYSICAL CHARACTERISTICS OF NEAR-SURFACE AMPLIFICATION MODEL 


Sipe Standard Wil Ferris” 2 ee ee eee 
| Shear-Wave Taveknies's Density 
Top of Unit Geology Velocity (ftysed) (feet) (lps/7eu 20) Damping 
0 765 HO i oe 
40 1800 60 120 02 
100 POM 2PO0 100 Le 02 
200 oe an 2880 200 130 Ho2 
uente 
LOO Valley 2970 200 L510) Oi 
600 lat ge a Sylbs€ 4O0 Ne yS “O02 
1000 3625 250 135 O02 
1250 3850 ETA Ineo, 2 
1825 KUOO 675 140 00625 
2500 ATT5 1020 140 Q0625 
Be 0 5450 40 145 00625 
3950 4550 960 140 00625 
4910 Pee Sah Ge Ue a le 6550 850 145 00625 
5760 See 0) OSs) 145 00625 
6815 8000 100 Agee 005 
6915 BS0'0 PAS) 145 00625 
7190 ells, 350 145 00625 
8540 LOrGiary 1500 Faas’ E50 .00625 
9250 9200 160 150 005 
9410 8000 910 J ES29 005 
BOSS 20 150 790 aes) 005 
ibe eae, 8600 950 150 005 


ert a reece es I SS ATI 
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PHYSICAL CHARACTERISTICS OF NEAR-SURFACE AMPLIFICATION MODEL 


Site: Texas Co. -#17 Baldwin Table: 8 
Shear-Wave Thickness Density 

Ton of Unt Geology Velocity (ft/sec) (feet) (lps/eu fo) Damping 
0 Sues e) 500 E30 .00625 
500 3780 500 jeje .00625 
1000 3400 500 140 200625 
1500 Repetto 4950 500 —DA0 .00625 
2000 (Pliocene) 3900 500 140 00625 
2500 4U50 500 145 200625 
3000 4000 500 145 .00625 
3500 450 ey 0)8) 145 ~00625 
4000 6100 500 145 .00625 
4500 Upper Puente US75 500 145 .00625 
5000 (miocene) 6450 5,00 lige) .00625 


5800 11800 800 P50 -00625 
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figure 225 Ampliiicatton spectmumestsscite -of Texas: Con #27 
Baldwin in Section 6, T2S, R11W. 
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PHYSICAL CHARACTERISTICS OF NEAR-SURFACE AMPLIFICATION MODEL 


Greens dere 1 ven Oak #1) ee Eee 
. Shear-Wave Thickness Density 
Mon of Univ Geology Velocity (ft/sec) (feet) Cibey Guest cs) Damping 
0 800 20 PRES woe 
20 1200 OQ see Oe 
60 | 2000 45 120 02 
EOD 2600 ie) 120 ~W2 
145 2400 65 WAS ~02 
20) Valley 2610 iO 25 G2 
360 i Spat RS 2970 50 UBS ne 
510 (Recent & Pleistocene) 2900 LOO 363.0 Oe 
910 3300 265 130 woe 
RO er ies 4000 835 5) .00625 
201.0 4760 920 140 .00625 
2930 5000 fae 145 .00625 
3500 base gravels 5260 660 145 00625 
ini ee ok ee Sas ee i 4.90 140 00625 
4650 5925 500 140 .00625 
5150 KUBO 500 140 -00625 
5650 Blat.O 500 145 .00625 
6150 Tertiary 5000 OO 145 ~00625 
6650 5200 Syene 145 .00625 
(ees) 5600 500 145 me Ohelepens: 
7650 6100 Peoiele ESO .00625 
8150 6500 500 SC .00625 
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Waeure 23. Amplification spectrum at. site of Standard 011 Co. 
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Amplification spectrum for bedrock site condition with 25 feet 


of weathered material over hard rock 


Figure 24. 
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Figure 25, Amplification spectrum for 60 feet of alluvium 
over hard bedrock 
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Amplification spectrum for 200 feet of alluvium 
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over hard bedrock 


Figure 26. 
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Figure 27, Amplification spectrum for 500 feet of alluvium 
over hard bedrock 
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Amplification spectrum for 1000 feet of alluvium 
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over hard bedrock 


Figure 28, 


ec. Type Earthquakes 


Earthquakes to be considered in the analysis of expected ground 
shaking include magnitude 6.5 and 7.5 events on the Sierra Madre 
fault, magnitude 6.5 and 5.6 events on the Raymond Hill fault, 

a magnitude 8.0 to 8.5 event on the San Andreas fault, and magni- 
tude 5.2 and 6.0 events On the Wailttier fault. Of these events. 
the magnitude 6.5 earthquake on the Sierra Madre fault is the 

MMOs Important. 10 is che closest achive fault to most cof the 
study area, and the recent San Fernando earthquake has demonstrated 
Ghee destructive Capability of such an event. 


Numerous strong-motion records are available for this type of 
earunquake. The san Pérnando earthquake is a 200d analogy; as this 
event occurred on 4@ faulu with Similar characteristics, was of 2 
Comparable magnitude, and the overall characteristics of the study 
area are similar to those of the San Fernando Valley. Of the 
available strong-motion records, three stand out as being parti- 
cularly applicable to the problem. Pacoima Dam is located on 
bedrock and just a few miles north of the fault. Because of the 
hNeorthward inclination of the plane of the fault, this site is 
generally considered as being near the center of the energy 
released by the rupture of the fault. The response spectrum of 

One component of the accelerogram recorded at this site is included 
as Figure 29. The dashed curves added to the spectrum are smoothed 
CAVeLoOmes Of Dou horizongal componenve tor Un 5, enc 102 of cri v= 
i¢al Gamping. This spectrum is considered a good analogy to the 
fround motion that should be expected on bedrock in that part of 
Une Suudy area JUSU nNOrth Of The"Sierra Madre fault. 


Of the accelerographs locaved an the valdey area South of the fault, 
bhe Closesy bo the Tault as the Voliday dan Jocaved at 8252 0rion 
Boulevard. The response spectrum of one component of this aceel— 
erogram ts ineluded as Figure 30, Ib 1s considered 4 good analogy 
to the ground motion that should be expected on deep alluvium 
approximavely 5 miles south of the Sterra Madre fault. 


Site conditions along the south edge of the San Gabriel Valley are 
Similar to conditions along the south edge of the San Fernando 

Valley where several accelérographs were located. Of those available, 
the aceelerosram recorded at 15250 Ventura Boulevard is considered 
average for the area. The response spectrum for one component is 
imneimded as Migure sil. It as considered a fair analogy to the ground 
motion that should be expected on relatively thin alluvium about 

9 miles from the Sierra Madre fault. 
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Figure 29. Response spectrum for San Fernando earthquake 
at Pacoima Dam. Dashed curves are smoothed 
envelopes for 0, 5, and 10% of critical damping. 
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Dashed curves are smoothed envelopes 


Response spectrum for San Fernando earthquake 
Fors, “5, andi 10%-om cxicieal damping: 


at 8244 Orion Blvd. in central San Fernando 
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Figure 30. 
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SAN FERNANDO EARTHQUAKE FEB 9. 1971 - O600 PST 
TIJH115 71,024.0 15250 VENTURA BLVO.. BASEMENT. LOS ANGELES. CAL. COMP NIJE 
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Response spectrum for San Fernando earthquake 

at 15250 Ventura Blvd. in southern San 

Fernando Valley. Dashed curves are smoothed 
envelopes for 0, 5, and 10% of critical damping. 


Figure. 31. 
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Availability of good records for the large 7.5 magnitude earth- 
quake that could occur on the Sierra Madre fault is a more 
difficult problem. The 1952 Kern County earthquake was a com- 
parable magnitude (7.7), but the nearest accelerograph was in 

Taft, approximately 28 miles away. The adjustment of the spectra 
of the Taft accelerograms from this distance to the near-zero 
distances involved in this problem using the methodology discussed 
previously is not recommended. Instead the spectral values for the 
magnitude 7.5 event are derived from those of the magnitude 6.5 
event, form which there are good records close to the fault, by 
Scaling, Unem Upward Using Thee ratios OF tune avcenuabaon curves 

Of iSehnabel and Seed C1973) for the two vents of these magnitudes. 


Of Thektwosevenvs pesvudaved forthe Raymond Hitt weult, only the 
magnitude 6.5 earthquake is of importance here. The magnitude 

5.6 event would probably be centered at considerable depth (5 to 

10 miles) and not involve fault rupture at the surface. Thus, 

the source of earthquake shaking, the slipped segment of the fault, 
would ber locaved= acta mMintinum dicstvance. of §5 To 0) miles even in 

Une area “ammediavely adiiacent avo tne faultn. “Because of This 
relationship, and the larger magnitude event expected at the Sierra 
Madre fault for the same level of risk, the effects of the smaller 
earthquake on tne Raymond Hill fault would not be expected to 
exceed those of the magnitude 6.5 event on the Sierra Madre fault 
even though at Ws further “away. 


The magnitude 6.5 event on the Raymond Hill fault, however, could 
involve rupture to the surface and a shallow source of shaking. 
therwehirects On Unis “event sare cone tdered sim com Uunerlom wath those 
of the magnitude: f/,.5 “event Onwthe Sierra Madre fault by modifying 
bhe distribuvion om Zones Go account, for the presence of. a source 
of shaking near the center of the area. 


ihe Sen Andreas Daulpits Poeaved aporoximately 20 miles north of 
the Sierra Madre fault, but the magnitude 8.0-8.5 earthquake 
expected Of Chis aul shnouldeber or cConstdecraniy songer duration 
than either earthquake expected on the Sierra Madre fault. The 
effects should be less than those expected from the Sierra Madre 
fauly ivy the northern Zones al, i ionandwpossi bly Lib. but may 
be @reaver=in the souimern wowed sly, VY and poscaiply LET). 


The strong motion of an earthquake comparable to the magnitude 

8.0 to 8.5 earthquake expected from the San Andreas fault has 

Not. been wecorded. a) owt) Fob rsoacepe the wmoOLLonm has *been. Simulated 
by Jennings, Housner and Tsai (1968) and by Seed and Idriss (1969) 
using the records of the larger earthquakes (e.g. Taft record of 
the Arvin-Techachapi earthquake) and theory regarding the variation 
im earthquake characteristics with increasine macnitude. “The 
results of Che Two suudies are very Similar. “lhe response spectra 
of the two simulated motions agree well up to a period of about 

2.0) Seconds, but, for the longer per vods the morioniproposed by 

peed and Idriss has substantially lower response. The motion 
proposed by Jennings. 1ovewer sand lsat pas Deem uUscde in this study 
because it assumes 4 site om Lirmsalluvium wileh better fits the 
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ae 
more populated parts of the area. The response spectrum form one 
eonponens Otyelis mouiom i3 Includedsasy Figure 32. Tn addition 
to the actual response for the various damping factors, smoothed 
envelopes of both horizontal components (A-1 and =e) for 02, 
5%, and 10% of critical damping have been added as dashed curves. 
It is these smoothed response curves that will be used as the 
response spectrum of the "type earthquake" in the analysis of 
shaking expected from the San Andreas fault. 


A similar situation exists with regard to the magnitude 6.00 and 
Beomevents that couldmoccur on the Whittier Tault vo the BOuu Lm 
Obetnesctudy area. Uhemagnitude 522 event should be centered 

ace considerable depth, and its effects even im the southern parv 
er =thesstudy areeshouldsnotgexceed, those Cpt he macn Etude se5 
event on the Sierra Madre fault. The magnitude 6.0 event on the 
Whittier fault, however, could involve fault rupture; but the 
area in which its effects would exceed the effects of earthquakes 
expected from the Sierra Madre or Raymond Hill eRe Se abil ckenbhe ig! 

Of the ssiudy area. 


Gr, Microzonation 


As discussed previously in the section on methodology earthquake 
shaking is dependent on both distance and site Cone uvons,. - Allie 
microzonation, as developed herein, is also based on these two 
parameters. The zone boundaries based on distance from the fault 
are somewhat arbitrary, and they have been chosen such as to Tics woe 
a range of parameters comparable to the accuracy of the method. 


Five zones based on distance are shown on Plate I. Based on 
experience from the San Fernando earthquake, a Gi Sc ner Lom is 
made between sites on the downthrown (south) and upthrown (north) 
Sidewor the faults The! shaking Characteristics of the latter are 
based on the data from Pacoima Dam, while those of the former are 
derived from records of shaking from valley sites. 


Site conditions in the study area can be divided into two basic 
types: bedrock of metamorphic, granite or sedimentary rock, and 
alluvial areas. The response of the bedrock will vary somewhat 
depending on its type and on the degree Otrmeand pare kKhes sof 
Weathering. Uueeuhio wWilia be Minor 11 comparison to the large 
differences between bedrock and alluvial sites. 


The response of relatively thick sections Cf alluvium Capproximarely 
2000 to 4000 feet thick) overlying sedimentary bedrock is ineres ted 
by the near-surface amplification models based on the four deep 
wells in the area. While the results vary slightly depending on 
details of the site conditions, the generalized amplificavion levels 
are reasonably constant at about 6 for short periods (0-1.0 sec.) 
and 5 for longer periods of motion. 
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Figure 32. Response spectrum for simulated earthquake A-1 of 
Jennings, Housner & Tsai, 1968. Dashed curves are smoothed 
envelopes or A=1 and A=2 spectra tor 0,05, end 10) ‘critical — 
damping. 


78 


The response of varying thicknesses of alluvium was investigated 
using the near-surface amplification models of Figures 24 through 
Pee Models were computed tor, 0,160,200, 500, and 1000 feet of 
alluvium over bedrock, with the results varying in a logical and 
regular manner. The thin alluvium is characterized by a strong 
amplification in the low-period (high frequency) range. Increasing 
the thickness of alluvium decreases the amount of amplification 

bus aleo 'spreacsmitwouy ocversan increasingly high range of 
periods (lower frequencies). The variations in amplification 
between thicknesseseor alluvium of about 200 co L000-feev are 
considered as within a range that can reasonably be lumped within 
One zone. At thicknesses of less tham 200 feet the condition 

known as the "edge effect" becomes pronounced, and the amplification 
approximately doubles in the range of periods that is most signi- 
ficantmoreties low-rise construction (less than’ 5 stories). The 
models can be generalized as follows: 


short=Period Trans von Long-Period 
Thickness: oO. Amplification Period Amplification 
Alluvium (feet) Factor (Seconds) Factor 
0 3 Gee 2 
0 (with 9 Oa. 2 
25' weathered layer) 
60 16 Che) a 
200 12 Ons EPS) 
500 10 1B) ee 
1000 8 dle Arn) 


The models used above are based on alluvium overlying directly 
a hard granite bedrock. As indicated by the amplinLeation 
spectra based on well control, the presence of the sedimentary 
bedrock tends to reduce the velocity contrast and thus reduce 
the contrast between the long and short-period factors. These 
tworsersrot ampliricarion factors can \ be combined as f Ol Lows 


Short-Period Trans. olen Long-Period 
Zone Designation Amp lit teacion Period Ampia hicat Lon 
and Characteristic Heacvor (Seconds ) Factor 
GC” Bedrock. (firni to 
hard) 4 0,2 pone 
Beeisave wns 2CC0T or 
less 9 Ona awit 4 
A Aiboviumsemoere 
than 2001 6 ea) 5) 


* Granitic and metamorphic bedrock types as assigned a value 
of 2, and sedimentary types a value Coyne Sie 


( 


The five zones basedvon distance fromivher sierra wWadre and the 
three types of zones based on rock type are combined using 
Roman numerals for the distance designation and letters for 
site character as noted inv’the table above. Of a possibide 15 
zones, only 14 are actually present. The areal distribution 
Of the zones. 1s showion Plates, endvvunesreneral»cnaracver— 
istics’ of shaking are summearizedwin Table 10. (Spectra, for the 
magnitude 6.5 earthquake in each zone are shown on Figures 33 
through 45, and the necessary adjustment factors to obtain 
spectral values for the magnitude 7.5 earthquake from this fault 
are civen in Table 10. 


In the sequence of zones, based on earthquakes expected from the 
pLerira Madre, fault, me distinct Lon tsamad]e between. cone Character— 
istics of Zone IB (thin alluvium) and Zone IC (granite or meta- 
morphic bedrock), and the spectrum and maximum ground acceleration 
as recorded 2 Pacoima Dam ake ascienmed io DeLn zones. The stricv 
application of the methods used for the other zones would require 
a UwWwolold sineresse am the Pacoima Damespectrum Tor Zone 1B.) This 
has Mot been done because: 


il. dhe Pacoima Dam movion includes very hieh accelerations. 
there Ls Goubteas! TO=une aupEicabiiaicty ori linear 
SCualvone: Under SuchmeOndasptons. 


a, Une Pacoima, Damimovion may anclude significant amplaiii— 
Cathlon due. ToOrune. topography ol ithe recording sive, 


3. The Pacoima Dam motion is the strongest ever recorded. 
Purther amplificacion Ds questionable. 


The spectra for the several zones for a magnitude 8.0 to 8.5 earth- 
quake originating on the San Andreas Tault are included as Figures 
46 through 57. They have been derived using the relationships 
shown on Figure 18, and they are recommended as a minimum design 
consideration. The spectral values of the San Andreas event do not 
exceed those of the magnitude 6.5 event from the Sierra Madre fault 
in mone deand Ll. Wheycare siniter oriereater, sdependane on whe 
period and damping of the structure under consideration, in Zones 
IV end V, and they are ~@reater in some special cases in Zone TIT. 
Therefore, the spectra for the magnitude 8.5 earthquake from the 
eam Andreas fault should be considered in the design of critical 

or normal facilities with the appropriate spectra for earthquakes 
from the Sierra Madre fault as shown im Table 10. The controlling 
design parameters may result from either earthquake depending on 
thie mavural period and “damping, cf ithe struccure under consideration. 
The San Andreas spectra are recommended for limited-occupancy 
facilities in all the zones because Of the Hien probability of 
occurrence Of Chis earthquake... Thus, a lower desiien devel: can be 
appidzed in zones 2, 21. and ieeneraily anit swute there is very 
little difference in Zones IV and V (see Table 10). 
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The zonation of the area for a magnitude 6.5 earthquake on the 
ROyMeone willl tal presents wa special problem. “Ihis event has 
approximately the same risk of occurrence as a magnitude 7.5 
Searuhcuake on the o1erra Madre fault, and they are both wecom-— 
mended as sources of earthquakes to be considered in the design 
OuECriuical macilivies. “Therefore, the distance .zones about, the 
Raymond Hill fault have been chosen such that they define areas 
wou Suearinevcharacverisuice cquivalent to the Same zone.as 
defined about the Sierra Madre fault. Thus, the shaking from 
the, Raymond Hid1-faultv-needs—to-be defined only=where-it 1s 
expected to exceed that from the Sierra Madre fault. 


This arrangement of zones accounts for three earthquakes from 

two faults havine two levels of risk except for zone I. As noted 
previously, this Zore has the special condition” of being onthe 
upthrown block of a reverse fault with relatively shallow inclin- 
Acton (Figure 19). ~The Raymond Hil! fault is inclined toward the 
Home n, sot nol satcens ohnele shallow enousimvo Presulttin vhe high 
concentration of earthquake shaking expected on the upthrown 
bucek Otrihe wterra “Madre mault 2° Therefore, “a modified zone, 
designated Zone’ LR, is\ defined about thesRaymond Hill fault. |. dt 
includes both granitic and sedimentary bedrock types, so two C 
wones are described. “Zone ~RCn includes the granitic. and meva- 
morphic bedrock north of the San Rafael fault, while Zone IRC, 
ineludesethesseadimentveny bearock south of this, fault. The gener- 
alized ‘characteristics of these modified zones are included: in 
Table 10, and the spectra are shown as Figures 58 through 61. 


ima Utilizing the engineering characteristics of,carthquake shaking, 
thesspecira Canoe houcht or ass depicting the relative velocity, 
disp lacementeand, accelerations foma series of sample structures 
having natural periods as shown along the bottom of the plot. As 

a very general rule of thumb, the natural period (primary mode) 

Cf to Aussie ancresseco wrtmnebeht sat the ratewof about 0.1 sec. 

per story. While the Spectra included here show values to des 0 
seconds (about 40 stories), they have been developed from gener- 
alimedacneracirenl st como letaemszones sand do not weflect details 

thay eshould be obtained from specific sites for important structures. 
Therefore, the spectra should be considered in the design of moderate 
to medium-rise construction and may be used as a first approximation 
for Wigh-rice constriction,» Hor the latter, more detailed studies 
should be conducted to determine the specific characteristics and 
response, of the (particular site. 


Tt should also be noted that there are other methods of the analysis 
Of earthquake shaking based primarily on jeither a greater or lesser 
emphasis on site characteristics. The methodology used herein 1s 

a combination of these methods such that the source earthquake, site 
characteristics, both near-surface and at depth, and wave propa- 
Bation patns and distances are all taken invo SOc oOutLD ns souci, 

the method is considered a reasonable "middle ground" between the 
more divergent concepts and methods. 
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TABLE 10. GENERALIZED CHARACTERISTICS OF EXPECTED EARTHQUAKES 


Critical Kactiities 
(Based on Magnitude 7.5 
earthquake on Sierra Normal Occupancy Limited Occupancy 
Madre fault and Magnitude 6.5 (Based on magnitude 6.5 (Based on magnitude 8.5 
earthquake on Sierra earthquake on San Andreas 


earthquake on Raymond 
Si tau lie Madre faule, *) Paw lees 


Ne ; : ; Gye. creeb dl qos O,1=0. 3°] °25=20 Sie: O35: 2 OA2= 00) ese 46 
C : : : ep oe gaa e220) Ooh 2 1h Se0 33 0:24) 6 x2=0sa we Sa 47 
TL ORA 
tigen gt) Not Applicable 
L AGH (IR zones apply only to critical facilities category) 
ee 
eee Os 10. 5-0 elo beaks 34 0.290 4052-0 4 0-50 48 
ho} TI B O60" | Umea. Ui ee = a5 0.48 107220) 1" | SOG 64 
ar aC Obscene | Ose = 0100. fede aul 36 0.25 | O22=053 jetO=50 ty 
Iii A 02205) OnS=0) Sale ais ae 0. 26) 0. 2=0e sas Oe @ ze) 
fins Oa a Ona | One On ei ts 38% 0.44 | O62 20) S056 50 
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BE. SECONDARY HAZARDS 


1 Settlement 


peuLlement. may Occur Gn poorly consol dared sols during 
earthquake shaking as the result of a more efficient re- 
arrangement of the individual grains. Settlement of 
SULIICIeCN> Magnitude, TOVeaUse sient icantly, suruccural, 
damage is normally associated with rapidly deposited 
alluviet SOLls, Or improperly. founded or poorly compacted 
filis. The former are igeneraliy limited to active, stream 
channels an whiten the risk of fPoodinge 1s tar ereater tnan 
settlement. The problem of poorly compacted or improperly 
founded Pills as only indirectly related to seismic hazards 
in that strong ground-shaking may "trigger" an already 


GxStINg AnsveplLlity..— oMch. Anstabi lA vVeles ares just as 
likely, and often are more likely, to be "triggered" by 
other eVents Such as heavy weainiall.  Mhertpraper solution 


DO such problems 18 to, require That frllesbe placed under 
the supervision cf a soils engineer, and, where hillside 
terrain as involved. also: uUnderyoh@ewsuperviecion Of an 
engineering geologist. In so doing, the engineer and 
geologist “should take into account Tormces resulting from 
ground-shaking as specified herein or as developed from 
MGre J6tatled Slrudtes OL saver ConGl arora. 


Areas of concern with regard to differential settlement 

are located primarily along the boundary between loose, 
recently deposited alluvium and ¢ither bedrock or firmer 
alluvium. Precise location of such areas requires detailed 
(1"=100' or larger scale) mapping beyond the scope of this 
report. However, settlements alone such contacts, and along 
the cutc/ tii “day lvene” line were Commonveas a demecing effect 
in the San Fernando earthquake, and particular care should 

be €xercised Dy the solls engineer Invevealuating sce 

where this. type of condition 2s) present. 


a, Liquefaction 


Brgueraction anvolves 2 sudden Hoss wn Strensuh Cf a satu 
rated, cohesionless soil (predominantly sand) which is 
CauseG by whock Or strain, suchas anvear thnquake, and 
PesuLts an “temporary transformation sof the soi to 2 Tilaid 
mass. If the liquefying layer is near the surface the 
efvects are much Tuke Phat of oulecksand on any Ssrructure 
focaped. on it, Lf the layer eam bie supsurtace, acemay, 
provide a Ssiidine surptace tor the meterieal ebove 16. 
biguetaction typucally Occurs in laress where Une round 
water,is Véss than 30 feeu trom the surtace,, and) where 

the soils are composed predominantiy of poorhy conse lieated 
Cire: sarc. 


ee 


As shown on the seismic hazards map (Plate I), a part of the 
City orebleMontve lies within the zone Of peovential iquel action: 
This zone also includes parts of the adjoining cities of Walnut, 
La Puente, Pico Rivera, Whittier, and all of South El Monte. 

The designation does not mean that the entire area shown will, 
in fact, liquery during prolonged) seismic shaking, because 
details of soil types and grain sizes would have to be deter- 
mined before a more detailed map could be drawn. Also, water 
table fluctuations occur which would make the boundary Ot ine 
zone vary from season to season. 


A special condition exists, locally along and within fault 
blocks of the Raymond Hill faulty. Shallow groundwater is 
present at Lacy Park (previously Wilson Lake) in San Marino 
and at the Arboretum in Arcadia. The extent of these problems 
is not known precisely, but special attention to shallow 
groundwater and potential liquefaction along the Raymond Hill 
fault generally and these two areas particularly (see Pilate =). 


Serious ground lurching and possible liquefaction was reported 
during the 105/0Kc., Tejon earthquake av Temple's Ranch (Barrows, 
1957) near the Gan Gabriel River in the preseny Cag ye Or 

El Monte. Today, both the San Gabriel and Rio Hondo Rivers 

from El Monte to below the Whittier Narrows Dam are areas of 
rising groundwater. This implies that the entire Whittier 
Narrows basin, including parts of the City of MGUS Giy.5 Ss 
especially vulnerable to liquefaction. 


In those areas in which liquefaction is considered a potential 
hazard, evaluation of this problem by whe soils engineer av 

the time development is proposed is important. This evaluation 
would be based on detailed data on relative compaction obtained 
during the site investigation and on the levels of ground 
shaking developed herein for the various zones. The charts 
shown of Figure 62 show the interrelationships between ground 
shaking (maximum ground acceleration), relative density, depth 
to the water table, and the probability of liquefaction. 


2. Landslides and Slope Stability 
a, ‘Types von Uandelagdes 


Landslides represent only one step in the continuous, natural 
erosion process. They demonstrate, in a dramatic way, Une 
tendency of natural processes to seek oa eondiulon of equilig 
prium. The steep slopes of mountainous and hillside terraines 
are not in a state of equilibrium, and various erosional 
processes act on them to gradually reduce them to near sea 
level. Landsliding is an important agent in Giese y Clee 


Several types of landslides commonly encountered include: 


1. Block glides (Figure 63) - These are the largest, 
most impressive type of slide. The basal fadlure 
plane is controlled by planar zones of weakness 
such as bedding planes, joint planes, or formational 
contacts. Block glides typically occur in Layered 
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Figure 62. Liquefaction potential during a magnitude 6.5-7.0 


earthquake (top) and a magnitude 8.0-8.5 earth- 
quake (bottom). 


rocks of sedimentary or metamorphic origin where 
lateral support is removed by stream erosion. 


2. Arcuate failures (Figure 64) - Arcuate failures 
are common in massive, unstructured material with 
relatively little resistance to shearing. “These 
materials include thick sections of clayey soil, 
and poorly compacted artificial fells. | «khes zone 
Of ele imure cypmcallyredescribes ai arc rather than 
a plane, and the movement of the macs 2s part ly 
rotational. Small arcuate failures, called slumps, 
are common along steep-banked streams, where tine 
stream has cut through an existing soil Zone. 


3. Mudflows (Figure 65) - Mudflows involve very rapid 
downslope movement of saturated soil, sub-soil, 
and weathered bedrock. They originiate in neds ae 
areas where the soil horizon is well developed, 
but the soal has poor drainage Characteristics. 
Large mudflows may have the energy TOL UOC G 
trees and to carry along boulders several feet in 
diameter. Because of the speed with which they 
move, mudflows can be quite destructive, especially 
along the bottom and at the mouths of canyons. 


4. Rockfalls (Figure 66) - This phenomenon, much like 
an avalanche of loose rock, cascades down a steep 
slope, disturbing more Miebperiak as 1b passes, 
becoming more widespread, until it reaches the 
bottom of the slope. The large talus slopes common 
in the San Gabriel Mountains, are the debris 
deposited from rock falls. They are prevalent 
where natural weathering produces Eu@leawiale vio” am ierehee— 
ments of material with little soil cover. 
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Landslides should be considered a basic geologic hazard rather 
than one having an unusual association with earthquakes. The 
shaking of an earthquake Only provides the triggering force 

to initiate downslope movement of a previously unstable earth- 
mass. The prime factor is the unstable conditions itself. 
Movement could just as easily be triggered by heavy rains, 

or by grading on 2 eonstruction project. 


@, )Apprareal of slope Sabi ty 


Appraisal of slope stability is based on a dual process or 
showing natural landslides where they have been mapped and 
are known to exist, and also a slope Stability rating based 
on rock type and steepness of slope. The latter is necessary 
for two reasons. First, data on landslides is incomplete), 
and many other natural landslides may be present besides 
those shown on Plate I. AI1soO, natural landslides are only 
part of the problem. Development of a site may significantly 
alter the geometric relationships between topography and 
planes of rock weakness seh ae bedding, jointing or fault 
planes. In such areas, it is the tendency of certain types of 


rocks to develop landslides that is tHe amporbeant facvor in 
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Figure 63. Block-glide landslide which has failed along an 
unsupported bedding plane. 
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Figure 64. Slump occurring in unstructured soil along an arcuate 
failure path. (From USGS MF-338.) 
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Figure 65. Mudflow of saturated soil and weathered bedrock 


Figure 66. 


(From USGS MF-338.) 
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Rockfall involving a cascade of weathered bedrock 
down a steep slope (From USGS MF-338.) 
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evaluating the relationship between SLOpesSvabality and land 
use. 


Cavegorics. 1m) the. slope Suabi lity racine. acmshown on lave 
I, are based on the distribution of known Pandsiides and 
the physical ecnaracteristics of lapped Seolocic Unies as 
follows: 


Category DEeSseripcLon 
@) KRism very low to nil “includes primarily 


Vie Plavcermareda Of the San Gabriel 
Venice vere ins tapi cles —iaimined primarily 
to local bank failures along streams. 


ile Low risk. Hill areas underlain Diener ly, 
by relatively resistant sandstone or 
conglomerave. | Formations ineiude the 
upper and middle Fernando, the lower 
Puente, and the upper and middle Topanga 
of the Repetto Hills. ‘The igneous and 
metamorphic rocks of the San Rafael Hills 
are 2iso included sin his Caverory, 


@ Moderate risks “Hill areas underlain 
primarily by siltstone or mixed siltstone 
and sandstone. Formations include the 
lower Fernando, the upper Puente and the 
lower Topanga of “the Repetvo Hiticn iin the 
ean Gabriel Mountains. the moderately 
Steep slopes north of Monrovia are included 
i this Cavegory. 


5 High risk. Hill areas underlain by relatively 
Weak “rocks with a high clay concent.  Hormas 
tions include the shales of the middle Puente 
of the Repetto Hills. In the San Gabriel 
Mountains, the steep Slopes WLU a: hich 
percentage of landslides are included in this 
category. 


The above slopé stability rating does not include the effects 

OL mMe OF debri swnlowe lis typemot instability results from 

the accumulation of rock, soil, and debris on steep slopes and 

in the canyon bottoms. Heavy rains Particularly atter idalighers 

cause this material to flow downslope, either GUireculy= oniGe 

homes sn Che Iitisides.) oreounsotauhe canyons and into develop- 
mons av the base of Dil lst is such, this Uy0e Oleins cap ileney 

is; more directly related to heavy rain and fire than to seismic 
triggering or an inherent geologic dims t bial ipa. Also the extent 
of accumulations of material suitable for ‘the hornet on Of <3 

mud or debris flow tends to vary considerably over short distances 
and also with time depending on the modifications of an area 
during development. CVonsequenvly, this aspect of Slope stabs Vity,. 
must be handled on a site-by-site basis at the time of develop- 
ment by including the consideration of mud and debris flow hazards 
in site evaluations in hillside and near-hillside areas. 
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F. TSUNAMIS AND SEICHES 


Tsunemis, ncommonuy called "tidal waves! , are caused by fault 
movement on the sea floor, and commonly affect lowlying coastal 
areas. | Uney wild have no etrect. on the study area. 


Seiches are standing waves produced in a body of water by 
winds, atmospheric changes, the passage of earthquake waves, 
ecce  Gvuudtes™oL true servsmic celehes are Limited, but that 

by McGarr and Vorhis (1968) of seiches induced by the Alaska 
earthquake of 1964 indicates that the largest recorded wave 
heiehts (double amplitude) "did mop exceed lye feev. Since this 
ve bese than wave helehtus that would be expected from wind— 
induced waves, true seiches are not considered as constituting 
ScLenir canny mavzard@inepne. study area. 


LG eshoula be noted, "however, whnav considerable confiusion exists 
aoe vor these o Ol Cab. ono mhiemueriimselLehe. “ne Gelinition 
included herein (see Glossary of terms) limits a true seismic 
seiche to standing waves set-up by the passage of seismic 

waves from an earthquake. Traveling waves set-up by landsliding 
inion Wil nineo lake sor rwescervolm. Of Unose anduced by the 
tTiloing Of bac water body, are nou true seismic seiches.. 
Dramatic examples of damage attributed at least in part to 
seiching at Hebgen Lake in Montana in 1959 (Christopherson, 
1962) of atv Kenal Take in Alaska in 1964) (McCulloch, 1966) 

are more likely the results of traveling waves (or reflected 
traveling waves) set-up by landsliding or the tilting of the 
reservolLre DOLvOmM. 


ine principal nazera to tne study area trom landslide or 

tilt eneavecd selichnes iis at canta And-va Dam and ab cawpit Dam 

in Monrovia. Major landslides are not a significant problem 

At eltnerarcservolr, buy tilting or Une area noruhn of the 
Sierra Madre fault may well accompany movement along this fault. 
Both reservoirs are used for flood control and the risk of 
either Deine full au the time of a major carthquake is 
extremely remote. A complete analysis of this potential prob- 
lem is beyond the scope of this report, but the owners of these 
dams should be advised of the results of this investigation so 
they may evaluave the safety of these facilities. 
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CONCLUSIONS AND RECOMMENDATIONS 


On the basis of available information, faults of the 
Sierra Madre fault zone, two adjacent faults, the Duarte 
and Lower Duarte faults, and the Raymond Hill fault 

are considered active. 


The Phase II program of the Division of Mines and Geology 
(TO7THSIG7S) Stor the delineationgot opeciad souudies Zones 
required by the Alquist-Priolo Act includes the Wo Lerra 
Madre-Santa Susana-Cucamonga" fault and the "Malibu Coast- 
Raymond" fault. 


The Sycamore Canyon fault can be considered potentially 
active based on mapping of this feature in Glendale. 
The area of its possible projection into the easter 
San Ratacl Hilds may tentatively be considered ancarea 
of potentially aceive faulcing. Purther evaiuavion Our 
fault activity in this area may be advisable. 


The primary seismic hazard in the study area is strong 
to severe ground shaking generated by movement of the 
Sierra Madre, San Andreas or Raymond Hill faults. 


information bearing on the risk or océcurrence of various 
magnitude earthquakes on these three faults is developed 
im the wexy Gf the GVeport. ) Based om Unese Tisk levels 
the following are recommended for consideration in the 
destem of Pactiities: as Lobtows: 


Magnitude of Earthquake 


Sierra Madre San Andreas Raymond Hill 
Use Fault Fault Fault 


OVNUT U1 
SOS) 


5 
ones) 
Oar 
Microzonation of the study area is based on the distance 

to the earthquake-generating fault and the type of earth 
Material present. The latter include bedrock, thick (200'+) 
al iivaim: and. thi 0=200") aliiuvinm, The venena lized 
characteristics of expected shaking to be applied to each 
use in each of the zones in the City are summarized in 

Tapte 10 of the text. “The response spectra are included 

as Ficures 33 through 61. 


Liquetaction is a potential hazard in che area of shallow 
groundwater along the Rio Hondo and San Gabriel River 

in the southern part of the study area, and locally along 
the Raymond Hill fawit, 


landslides are a potential hazard inthe sotter sedimentary 

rocks of the Repetto Hills and the relatively hard. 

but. steep slopes of the San Gabriel Mountains. Based on 

the distribution of natural Landslides, steepness of 

slope, and the physical characteristics of mapped geologic 
eG 


UnluSs, Une SuUudy areal s divided 2nvoe four zones of 
relatave slope; stability very Low to wmil, low, mod- 
erave, and hich. 


Psunamisearecsnovu a. Nazard ian the svudy area, but selLching 
Poneraved by UilGine oF vLhe cround surface north of. the 
Sierra Madre fault may be a hazard at Santa Anita and 
Sawpit Dams. 
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Active Fault - One that has moved in recent geologic time and 
which is likely to move again in the relatively near 
HUvuCe es Deltinitwvons fOr planning purposes extend 
OLeeneseorder sole LU, UOUSVvears or more back and 100 
Years, Ore more torward, 


Alluvial - Pertaining to or composed of alluvium, or deposited 
byetemstreameos vinning waver. CAGI.I2072) 


DLUvyAUMO=BA Senerpal, term tor clay, silt; sand, eravel or 
siiilearsuncensolideved detrital material deposited 
during comparatively recent geologic time by a stream 
or other body of running water as a sorted or semi- 
sorted sediment im the bed’ of the ‘stream or on its 
DPlood platavor delta, vorvas accone or fan at the base 
Of a mountain slope. GAGE, 1972) 


Amplifacation = Hlaboration: augmentation; addition (Webster). 
As used herein, near-surface amplification is the 
augmentation of wave amplitude resulting from the 
change in physical properties in near-surface layers 
(see Introduction). 


Amplitude - The extent of the swing of a vibrating body on each 
side of the mean position. (Webster) 


Block Glidé -— A Granslational Landslide in whitch the slide mass 
remains essentially intact, moving outward and down- 
ward 2S -2 Unit, mosey often along 4 pre-existing plane 
Cieweaknces sUchas bedding. foliation, joints, faults, 
euC. CAG. 10,7 2) 


Cohesion - Shear strength in a sediment not related to interpar- 
CGROAUSD Misteuictcalleraten mG MERE nes ILO Wee) 


Colluvium - (a) A general term applied to any loose, heterogen- 
OUs. ane inconerent mass of soll, material or rock 
fragments deposited chiefly by mass-wasting, usually 
Atco he Wace. Ol daavecp swopeor tlt?) (Cb) Alluvium 
depos leedsby, UnconcenlLraved surface runoff or sheet 
erosion, Usually at Ghe basercot @ Slope: (AGI, 1972) 


Compaction = "Reduction in budk volume or thickness of, or the 
PORE. Space wWathin sa bodys Of aine-erained sediments 
in response to the increasing weight of overlying 
Mavernal that ws scOnriInualiy i beine Ceposited, Or tO 
the pressure resulting from earth movements within 
the Crust. It 1s expressed as a decrease in poro- 
Sitoybroueh, eboub by 4 tighter packing of the sedi- 
ment parcicles. CAGI, 1972) 


Consolidated Material - Soil or rocks that have become firm as 
a resuiG of Compaction. 


Damping = The résistance to vibracion that causes 2 decay of 
motion with time or distance, e.g, the diminishing 
amplitude Jot an ioscpltation. (AGL, 1972) 


Differential Settlement - Nonuniform settlement; the uneven 
Towering vol Gilferent parts. Of an enginecring struc 
VUrese Ove reSsulGing in Canace to tne Strucvure. 
CAGT Seber 2) 


Displacement (Geological) - The relative movement of the two 
sides of a°tavuilv p measured an-any chosen direction; 
also, the specific amount of such movement. Dis- 
placement in an apparently lateral direction includes 
strike-slip and strike separation; displacement in 
an apparenely vertical direction includes dip=slip 
and “Gip Separation. (AGL, P9772) 


Displacement (Engineering) - The geometrical relation between 
Uhe VOSsi UCM IO a moving objiece at any time and its 
original position. (Webster) 


Epicenter = That point on the Earth's surface which is directly 
above the focus of an earthquake. (AGI, 1972) 


Fault - A surface or zone of rock fracture along which there 
has been displacement, from a few centimeters to a 
fewekilomevers inscale. (AGI, 1972) 


Fault Surface - In a fault, the surface along which displacement 
hasmoccurved. IGAGi O72) 


Fault System - Two or more interconnecting fault sets. (AGI, 1972) 


Fault Zone - A fault zone is expressed as a zone of numerous small 
fractures or by breeclaror fault couge. A fault zone 
may be as wide as hundreds of meters. (AGI, 1972) 


Focus (Seism) - That point within the Earth which is the center 
of an earthquake and the origin of its elastic waves. 
Dy. ~NypOCenUteErs selsmic focus: centrum (see Intro— 
d@ecdian) s <CAGwe Iie) 


Ground Response - A general term referring to the response of 
earth materials to the passage of earthquake vibration. 
It may be expressed in general terms (maximum accel- 
erapion, dolinenl perlod..6vc.» .(0r ao eq eround-motion 
SveCUrum, 


Hypocenter - See focus. 


Intensity (earthquake) - A measure of the effects of an earth- 
quake at a particular place on human and/or struc- 
tures. The intensity at a point depends not only 
upon the strength of the earthquake, or the earth- 
quake magnitude, but also upon the distance from 
the point to the epicenter and the local geology 
Bo ne Oedios nods auore) 


Isoseismal line -— A line connecting points on the Earth's sur- 
face at which earthquake intensity is the same. It 
is usually a closed curve around the epicenter. syn: 
isoseism; isoseismic line; isoseismal. GNC REPS) 


Piloueraccionm — A sudden, large decrease, in che shearing resis- 
tance of a) Gonesionless coil, caused by a collapse 
Of the structure by shock or strain, and associated 
Witt a sudden but temporary increase of the pore 
fluid pressure. (AGI, 1972) 


Macroseismic data - Used herein to describe instrumentally 
recorded earthquakes generally in the range of Rich- 
ferumaenitude, 3.0 er more. (lhis use citters from 
the AGI definition of "macroseismic observations"). 


Magnitude (earthquake) - A measure of the strength of an earth- 
G@uakei or the strain energy released by 1, as deter- 
mined by seismographic observations. As defined by 
Riciver. 1b). coe. Oearicvim,vostme base 10> of the 
amplitude in microns of the largest trade deflection 
that would be observed con a standard torsion seismo- 
eran (Seauic Maen picavicn = 2800; period = 018 sec; 
Gampine Constent =.0.0) av a dilsvance of 100 Kilo- 
meters from the epicenter. (AGI, 1972) 


Microseismic data - Used herein to describe instrumentally re- 
corded earthquakes generally in the range of Richter 
Magnitude 3,0 or less, (This use 1s consistent with 
the AGI definition of microseism and microseismometer, 
bub Ls more restricted than their definition of miero- 
selsmic data). 


Natural period - The period at which maximum response Or 2 Ssys- 
tem occurs. The inverse of resonant frequency. 


Normal fault - A fault in which the hanging wall appears to have 
moved downward relative to the footwall. The angle of 
the fault is usually 45-90 degrees. This is dip- 
separation, but there may or may not be dip=siip. CAGI, 


1972) 


Predominant period - The period of the acceleracion, velocity or 
displacement which predominates in a complex vibratory 
motion. In the analysis of earthquake vibrations, pre- 
dominant period is normally the period of the maximum 
amplitude of the acceleration spectrum. 


Response spectrum - An array of the response characteristics of 
a structure or structures ordered according to period 
or frequency. The structures are normally single- 
degree-of-freedom oscillators, and the characteristics 
may be displacement, velocity or acceleration (see 
Mtroduct ion): 


Seiche - All standing waves on any body of water whose period 
is determined by resonant characteristics of the con- 
taining basin as controlled by its physical dimensions. 
(U.S. Geol. Survey Prof. Paper 544-E) 


Seismic seiche — Standing waves set up on rivers, reservoirs, 
ponds and lakes at the time of passage of seismic 
waves from an earthquake. (U.S. Geol. Survey Prof. 
Paper 544-E) 


phear = A strain resulting from strésses that cause or tend to 
Cause CONTI suous parts Of a body to slide relatively 
TLOmecaGch Culler at a dereco Non para Llon TO uUneirm plane 
Of onvacr.: Suectiacalliy. whe ratio. om the relacive 
displacement of these parts to the distance between 
them. CAGT.  PO72) 


Shear wave or S-wave - That type of seismic body wave which is 
propagated by a shearing motion of material so that 
tiere 2 oscosciatlom perpenGicularceto tne direct von 
Of propagation. Lt does not travel through Liquids. 
(ONCE 10762) 


elip - On a fault, the actual relative displacement along the 
fault plane of two formerly adjacent points on either 
Side of the fault. Slip is three dimensional, whereas 
separation is two dimensional. (AGI, 1972) 


Strike-slip fault - A fault, the actual movement of which is par- 
allel to the strike (trend) of the fault. (AG), 1972) 


subsidence = A local mass movement that involves principally the 
Pradual downward Sevuling or sinking of tie sodid 
Barth's surface with Little or no horizontal movion 
and that doés not oceécur alongs | free surface (not 
CHhesresilt oO. a landsi de or failure of a <stope. CAGT, 
197.2) 


1ectvonic — Of or pervaininge To the forces involved in, or the 
resulting Structures or features of the upper part of 
Ghe Barus Cruse. Gnodn Lrom AG 2 hoje.) 


Tsunami - A gravitational sea wave produced by any large-scale, 
short—duration disturbance of the ocean floor, prin- 
cipally by a shallow submarine earthquake, but also 
by submarine earth movement, subsidence, or volcanic 
eruption, characterized by great speed of propagation 
(up to 950 km/hr.), long wavelength (up to 200 dm.), 
Tone period (5 Min. to a few hours, generally 10 - 

60 min.), and low observable amplitude on the open 
sea, although it may pile up to great heights (egys 

m. or more) and cause considerable damage on entering 
shallow ater along an exposed coast, often thousands 
of kilometers from the source. (AGI, 1972) 


Uneonsolidated material - A sediment that is loosely arranged 
or unstratified or whose particles are not cemented 
together, ceccurring elvther at the Suriaceror ay depun. 
CAGT Soho T 2) 


Water table - The surface between the zone of saturation and 
the zone of aeration; that surface of a body of un- 
confined ground water at which the pressure is equal 
to that of the atmosphere. (AGI, 1972) 
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Serate Bill No. 520 


CHAPTER 1354 


An act to amend Sections 660, 661, and 6&2 of, and to add Chapter 7.5 
(commencing with Section 2621) to Division 2 of, the Public 
Resources Code, relating to earthquake protection, and making an 
appropriation therefor. 


{Approved ky Governor December 22, 1972. Filed with 
Secretary of State December 22, 1972.] 


LEGISLATIVE COUNSEL'S DIGEST 

SB 520, Alquist. Larthquake protection. 

Increases the membership of the State Mining and Geology Board 
from -9 to ll persons and declares that persons with specified 
occupations should be selected for membership on the board. 
Designates the board as a policy and appeals board for the purposes 
of provisions re earthquake hazard zones. 

Requires the State Geologist to delineate, by December 31, 1973, 
special studies zones encompassing certain areas of earthquake 
hazard. Requires State Geologist to compile maps delineating the 
special studies zones and to submit such maps to affected cities, 
counties, and state agencies for review and comment. Requires the 
State Geologist to continually review new geologic and seismic data 
and revise special studies zones and submit such revisions to affected 
cities, counties, and state agencies for review and comment. 
Appropriates $160,000 for such purposes. Requires affected cities, 
countiés, and state agencies to submit their comments to board. 

Requires cities and counties to exercise specified approval authority 
with respect to rea! estate developments or structures for human 
occupancy within such delineated zones. Requires applicants for a 
building permit within such zone to be charged a fee according to a 
fee schedule established by the board. Limits maximum amount of 
such fee. Provides for retention ef % of the proceeds of any such fee 
by the city or county having jurisdiction and transfer of '4 to the state. 


The people of the State of California do enact as follows: 


SECTION 1. Section 660 of the Public Resources Code is amended 
to read: 

660. There isin the department a State Mining and Geology Board, 
consisting of 11 members appointed by the Governor, subject to 
confirmation by the Senate, for terms of four years and until their 
successors are appointed and qualified. The State Mining and Geology 
Board shal! also serve as a policy end apyeals board for the purposes 
of Chapter 7.5 (commencing with Section 2621) of Division 2. 

SEC. 2. Section 661 of the Public Resources Code is amended to 
read: : 
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361. Mernbers of the board shall be selected from citizens of this 
state associated with or having broad knowledge of the mineral 
industries of this state, of its geologic resources, or of related technical 
and scientific fields, to the end that the functions of the board as 
specified in Section 667 are conducted in the best interests of the state. 
Among the 11 members, two should be mining geologists, mining 
engineers, or mineral economists, one should be a structural engineer, 
one should be a geophysicist, one should be an urban or regional 
planner, one should be a soils enginecr, two should be geologists, one 
should be a representative of county government, and at least two 
shall be members of the pubiic having an interest in and knowledge 
of the environment. 

SEC. 3. Section 662 of the Public Resources Code is amended to 
read; 

662. The terms of the members of the board in office when this 
article takes effect in 1965 shall expire as follows: one member January 
15, 1966; two members January 15, 1967; and two members January 15, 
1968. The terms shall expire in the same relative order as to each 
member as the term for which he holds office before this article takes 
effect. The terms of the two additional members first appointed 
pursuant to the amendment of this section at the 1968 Regular Session 
of the Legislature shall commence on January 15, 1969. The terms of 
the two additional members first appointed pursuant to the 
amendment of: Section 660 at the 1970 Regular Session of the 
Legislature shall commence on January 15, 1971, but the term of one 
of such additional members, who shall be designated by the Governor, 
shall expire on January 15, 1974. The terms of the two additional 
members first appointed pursuant to the amendment of Section 660 
at the 1972 Regular Session of the Legislature shall commence on 
January 15, 1973, but the term of one of such additional members, who 
shall be designated by the Governor, shall expire on January 15, 1976. 

SEc. 4. Chapter 7.5 (commencing with Section 2621) is added to 
Division 2 of the Public Resources Code, to read: 


CHAPTER 7.5. HAZARD ZONES 


2621. This chapter shall be known and may be cited as the 
Alquist-Priolo Geologic Hazard Zones Act. 

9621.5. tis the purpose of this chapter to provide for the adoption 
and administration of zoning laws, ordinances, rules, and regulations 
by cities and counties, as well as to implement such general plan as 
may be in effect in any city or county. The Legislature declares that 
the provisions of this chapter are intended to provide policies and 
criteria to assist cities, counties, and state agencies in the exercise of 
their responsibility to provide for the public safety in hazardous fault 
zones. 

9622. inorder to assist cities and counties in their planning, zoning, 
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and building-regulation functions, the State Geologist shall delineate, 
by December 31, 1973, appropriately wide special studies zones to 
encompass all potentially and recently active traces of the San 
Andreas, Calaveras, Hayward, and San Jacinto Faults, and such other 
faults, or segments therecf, as he deems sufficiently active and 
well-defined as to constitute a potential hazard to structures from 
surface faulting or fault creep. Such special studies zones shall 
ordinarily be one-quarter mile or less in width, except in 
circumstances which may require the State Geologist to designate a 
wider zone. 

Pursuent to this section, the State Geologist shall compile maps 
delineating the special studies zones and shail submit such maps to all 
affected cities, counties, and state agencies, not later than December 
31, 1973, for review and comment. Concerned jurisdictions and 
agencies shall submit all such comments to the State Mining and 
Geology Board for review and consideration within 90 days. Within 90 
days of such review, the State Geologist shall provide copies of the 
official maps to concerned state agencies and to each city or county 
having jurisdiction over lands lying within any such zone. 

The State Geologist shall continually review new geologic and 
seismic data and chall revise the special studies zones or delineate 
additional special studies zones when warranted by new information. 
The State Geologist shall submit all such revisions to all affected cities, 
counties, and state agencies for their review and comment. 
Concerned jurisdictions and agencies shall submit all such comments 
to the State Mining and Geology Board for review and consideration 
within 30 days. Within 30 days of such review, the State Geologist shall 
provide copies of the revised official maps to concerned state agencies 
and to each city or county having jurisdiction over lands lying within 
any such zone. 

2623. Within the special studies zones delineated pursuant to 
Section 2622, the site of every proposed new real estate development 
or structure for human occupancy shall be approved by the city or 
county having jurisdiction over such lands in accordance with policies 
and criteria established by the State Mining and Geology Board and 
the findings of the State Geologist. Such policies and criteria shall be 
established by the State Mining and Geology Board not later than 
December 31, 1973. In the development of such policies and criteria, 
the State Mining and Geology Board shall seek the comment and 
advice of affected cities, counties, and ‘state agencies. Cities and 
counties shall not approve the location of such a development or 
structure within a delineated special studies zone if an undue hazard 
would be created, and approval may be withheld pending geologic 
and engineering studies to more adequately define the zone of hazard. 
If the city or county finds that no undue hazard exists, geclogic and 
engineering studies may be waived, with approval of the State 
Geologist, and the location of the proposed deveiopment or structure 
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may be approved. 

2624. Nothing in this chapter is intended to prevent cities and 
counties from estaviishing policies and criteria which are stricter than 
those established by the State Mining and Geology Board, nor from 
imposing and collecting fees in addition to those required under this 
chapter. 

9625. Each applicant for a building permit within a delineated 
special studies zone shall be charged a reasonable fee according toa 
fee schedule established by the State Mining and Geology Board. Such 
fees shall be set in an amount sufficient to meet, but not to exceed, the 
costs to state and local government of administering and complying 
with the provisions of this chapter. Such fee shall not exceed one-tenth 
of 1 percent of the total valuation of the proposed building 
construction for which the building permit is issaed, as determined by 
the local building official. One-half of the proceeds of such fees shall 
be retained by the city or county having jurisdiction over the proposed 
development or structure for the purpose of implementing this 
chapter, and the remaining one-half of the proceeds shall be deposited 
in the General Fund. 

Sec. 5. There is hereby appropriated from the General Fund in 
the State Treasury to the Department of Conservation the surn of one 
hundred thousand dollars ($100,000) for the purposes of Section 2622 
of the Public Resources Code. 


POLICIES AND CRITERIA OF THE STATE MINING AND GEOLOGY BOARD 
WITH REFERENCE TO THE ALQUIST-PRIOLO GEOLOGIC HAZARD ZONES ACT 
(CHAPTER 7.5, DIVISION 2, PUBLIG RESOURCES CODE, STATE OF CALIFORNIA) 


(Adopted by State Mining and Geology Board November 21, 1973.) 


The legislature has declared in the ALQUIST-PRIOLO GEOLOGIC 
HAZARD ZONES ACT that the State Geologist and the State Mining and 
Geology Board are charged under the Act with the responsibility of 
assisting the Cities, Counties and State agencies in the exercise 
of their responsibility to provide for the public safety in hazard- 
ous fault zones. As designated by the Act, the policies and criteria 
set forth hereinafter are limited to hazards resulting from surface 
faulting or fault creep. This jimitation does not imply that other 
geologic hazards are not important and that such other hazards should 
not be considered in the total evaluation of land safety. 


Implementation of the ALQUIST-PRIOLO GEOLOGIC HAZARD ZONES ACT 
by affected cities and counties fulfills only a portion of the 
requirement for these counties and cities to prepare seismic safety 
and safety elements of their general plans, pursuant to Section 
65302 (F) and 65302.1 of the Government Code. The special study 
zones, together with these policies and criteria, should be incorp- 
orated into the local seismic safety and safety elements of the 
general plan. 


The State Geologist has compiled and is in the process of com- 
piling maps delineating special studies zones pursuant to Section 
2622 of the Public Resources Code. The special studies zones desig- 
nated on the maps are based on fault data of varied quality. It 
is expected that the maps will be revised as more complete geologi- 
cal information becomes available. Also; additional special studies 
zones may be delineated in the future. The Board has certain respon- 
sibilities regarding review and consideration of those maps prior 
to the time that they are finally determined. Cities, Counties 
and State agencies have certain opportunities under the Act to 
comment on the preliminary maps provided by the State Geologist 
and these Policies and Criteria. Certain procedures are suggested 
herein with regard to those responsibilities and comments. 


Please note that the Act is not retroactive. Section 2623 of 
the Public Resources Code provides that it applies to every pro- 
posed new real estate development or structure for human occu- 
pancy. 


REVIEW OF PRELIMINARY MAPS 
The State Mining and Geology Board suggests that each review- 


ing governmental agency take the following steps in reviewing the 
preliminary maps submitted for their consideration: 


1. All property owners within the preliminary special studies 
zones mapped by the State Geologist should be notified by the Cities 
and Counties of the inclusion of their lands within said preliminary 
special studies zones by publication or other means designed to inform 
said property owners. Such notification shall not of necessity require 
notification by service or by mail. This notification will permit affected 
property owners to present geologic evidence they might have relative 
to the preliminary maps. 


2. Cities and Counties are encouraged to examine the preliminary 
maps delineating special studies zones and to make recommendations , 
accompanied by supporting data and discussions, to the State Mining 
and Geology Board for modification of said zones in accordance with 
the statute and within the time period specified therein. 


3. For purposes of the Act, the State Mining and Geology Board 
regards faults which have had surface displacement within Holocene 
time (about the last 11,000 years) as active and hence as constituting 
a potential hazard. Upon submission of satisfactory geologic evidence 
that a fault shown within a special studies zone has not had surface 
displacement within Holocene time, and thus is not deemed active, the 
Mining and Geology Board may recommend to the State Geologist that the 
boundaries of the special studies zone be appropriately modified. 


The definition of active fault is intended to represent minimum 
criteria only for all structures. Cities and Counties may wish to im- 
pose more restrictive definitions requiring a longer time period of 
demonstrated absence of displacements for critical structures such as 
high-rise buildings, hospitals, and schools. 


SPEGLELCeCRULERIA 


The following specific and detailed criteria shall apply within 
special studies zones and shall be included in any planning program, 
ordinance, rules and regulations adopted by Cities and Counties pur- 
suant to said GEOLOGIC HAZARD ZONES ACT: 


A. No structure for human occupancy shall be permittec to be 
placed across the trace of an active fault. Furthermore, the area 
within fifty (50) feet of an active fault shall be assumed to be 
underlain by active branches of that fault unless and until proven 
otherwise by an appropriate geologic investigation and submission 
of a report by a geologist registered in the State of California. 
This 50-foot standard is intended to represent minimum criteri2 
only for all structures. It is the opinion of the Board that cer- 
tain essential or critical structures, such as high-rise build- 
ings, hospitals, and schools should be subject to more restrictive 
criteria at the discretion of cities and counties. 


B. Applications for all real estate developments and structures 


for human occupancy within special study zones shall be accompanied 
by a geologic report prepared by a geologist registered in the State 
of California, and directed to the problem of potential surface 
fault displacement through the site, unless such studies are waived 
pursuant to Section 2623. 


C. One (1) copy of all such geologic reports shall be filed with 
the State Geologist by the public body having jurisdiction within 
thirty days of submission. The State Geologist shall place such 
reports on open file. 


D. Requirements for geologic reports may be satisfied for a 
single 1 or 2 family residence if, in the judgment of technically 
qualified City and County personnel, sufficient information regarding 
the site is available from previous studies in the same area. 


E. Technically qualified personnel within or retained by each 
City or County must evaluate the geologic and engineering reports 
required herein and advise the body having jurisdiction and authority. 


F. Cities and Counties may establish policies and criteria which 
are more restrictive than those established herein. In particular, 
the Board believes that comprehensive geologic and engineering studies 
should be required for any "critical" or Meesential. structure as Pre- 
viously defined whether or not it is located within a special studies 
zone. 


G. In accordance with Section 2625 of the Public Resources Code 
each applicant for a building permit within a delineated special 
studies zone shall pay to the City or County administering and 
complying with the ALQUIST-PRIOLO GEOLOGIC HAZARD ZONES ACT a fee 
of one-tenth of one-percent of the total valuation of the proposed 
building construction for which the building permit is issued as 
determined by the local building official. 


4H. fis used herein the following definitions apply: 


1. A “structure for human occupancy" is one that is regularly, 
habitually or primarily occupied by humans. 


2. A geologist registered in the State of California is deemed 
to be technically qualified to evaluate geologic reports. 


3. Any engineer registered in the State of California in the 
appropriate specialty is deemed to be technically quali- 
fied to evaluate engineering reports in that specialty. 
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EXPLANATION OF SPECIAL STUDIES ZONES MAPS 
COMPILED BY THE STATE GEOLOGIST 


Requirements 


Maps showing special studies zones were compiled in compliance 
with Chapter 7.5, Division fe 4 the California Public Resources 
Code. This Chapter, which may be cited as the Alquist-Priolo Geo- 
logic Hazards Zones Act, requires the State Geologist to 1) “de- 
lineate, by December 31, 1973, appropriately wide special studies | 
zones to encompass al] potentially and recently active traces of | 
the San Andreas, Calaveras, Hayward, and San Jacinto Faults o 
"and such other faults _..! that "... constitute a potential hazard 
to ee ricrnes from surface faulting or fault creep"; and 2) compile 
maps of special studies zones and submit such maps to affected cities, 
counties, and state agencies by December 31, 1973, for their review 
and eee Following appropriate TEVLENE the State Geologist must 
provide "official maps" to the affected cittes, counties, and state 
agencies. . 

The State Geologist also is required to "continually review new 
geologic and seismic data” in order to revise the special studies zones 
or delineate additional zones. | 

This chapter requires cities and counties to exercise specified 
approval authority with respect to real estate development or struc- 
tures for Renan systray within the special studies zones. Specific 
Policies and Criteria to assist local pee nee ion: are provided by 
the State Mining ang Geology Board. Other requirements and guidelines 


are provided in the Alquist-Priolo Act. 


ae 


Special Studies Zones 


Special studies zones are delineated on topographic base maps 
at a scale of 1:24,000 (1 inch equals 2000 feet). The zone bound- 
aries are straight-line segments defined by turning points. Each 
turning point is identified by a number on the map for reference. 

The intent of the Alquist-Priolo Act is to provide for public 
safety from the hazard of fault rupture by avoiding, to the extent 
possible, the construction of structures for human occupancy as- 
tride hazardous faults. The precise location and identification 
of hazardous faults within or near a zone of potentially active 
Faults can be determined only through detailed geologic investi- 
gations. Thus, this Act establishes the concept of a Special Studies 
Zone -- an area of limited extent centered on recognized faults. 
Faults other than those depicted on the maps may be present within 
the Special Studies Zones. The zone boundaries delimit the area 
that the State Geologist believes warrants special geologic inves- 
tigations to detect the presence or absence of hazardous faults. 

Locations of special studies zone boundaries are controlled by 
the traces of potentially active faults (defined below), which are 
based on the best data available at the time the map was compiled. 
However, the faults shown on the Special Studies Zones maps were 
not field checked during the compilation of these maps. Because 
available fault data are highly varied in quality and the locations 
of some faults are known imprecisely, the zone boundaries have been 
positioned at a reasonable distance (about 660 feet or an eighth of 


a mile) from the trace of the nearest potentially active fault. However, 


oe 


zone boundaries generally are more or less than 660 feet away from 
mapped faults because of 1) curved or multiple fault traces, Zap Ton ¢ 
the need to keep the number of turning points to a reasonable minimum, 


or 3) the quality of the data dictates a narrower or wider zone. 
Definitions of Fault Terms 


Fault, fault zone 

A fault is defined as a fracture or zone of closely associated 
fractures along which rocks on one side have been displaced with 
respect to those on the other side. Most faults are the result of 
repeated displacement which may have taken place suddenly and/or by 
slow creep. A fault zone is a zone of related faults which commonly 
are braided and subparallel, but may be branching and divergent. It 
has significant width (with respect to the scale at which the fault 
is being considered, portrayed, or investigated), ranging from a few 


feet to several miles. 


Fault trace 
A fault trace is the line formed by the intersection of a fault 
and the earth's surface. It is the representation of a fault as de- 


picted on a map, including maps of the Special Studies Zones. 


Potentially active faults 


For the purposes of delineating Special Studies Zones, any fault 
considered to have been active during Quaternary time (last 3,000,000 


years)-- on the basis of evidence of surface displacement -- is con- 


Rens 


sidered by the State Geologist to be potentially active. An exception 
is a Quaternary fault which is determined, from direct evidence, to 
have become inactive before Holocene time (last 11,000 years). Such 
a fault is presumed to be essentially inactive and has been omitted 
from the map in most cases. Although faults shown on the maps may 
have been active during any part of, or throughout, Quaternary time, 
evidence for the recency of displacement is incompletely preserved 
and often is equivocal. In contrast, the State Mining and Geology 
Board, in their Policies and Criteria (adopted November 21, 1973), 
has defined any fault which has had surface displacement within 
Holocene time as "active and hence as constituting a potential haz- 
ard,” 

The surface ruptures associated with historic earthquake and creep 
events are identified where known. No degree of relative potential 
for future surface displacement or degree of hazard is implied for 
the faults shown. . 

The following geologic time scale is provided for reference and 


perspective: 


GEOLOGIC TIME SCALE 
(Abbreviated) 


Geologic Age 


"Historic" 
QUATERNARY HOLOCENE 
PLEISTOCENE 


PLIOCENE 


Years before 
present 
(estimated) 


Faults defined as 

active by Policies & 
Criteria of the State 
Mining & Geology Board. 


200 


11,000 


Faults defined as po- 
tentially active for 
the purpose of de- 
lineating special 
studies zones. 


2,000,000 — 
3,000 ,000 


CENOZOIC 


TERTIARY 


7,000,000 — 
10,000,000 


65,000 ,000 


4,600,000 ,000 


pre-PLIOCENE 


pre-CENOZOIC Sie 


Beginning of geologic time 


Uses and Limitations of Special Studies Zones Maps 


Users of these maps should be fully aware that the zones are 
delineated to define those areas within which special studies may 
be required prior to building structures for human occupancy. 
Traces of potentially active faults are shown on the maps mainly 
to justify the locations of zone boundaries. These fault traces 
are plotted as accurately as the sources of data permit; yet the 
plots are not sufficiently accurate to be used as the bases for 
set-back requirements. 

The State Geologist has identified potentially active faults in 
a broad sense, and the evidence for the potential activity of some 
faults may be only weak or indirect. 

The fault information shown on the maps is not sufficient to 
meet the requirement for special studies. The onus is on the local 
governmental units to require the developer to evaluate specific 
sites within the special studies zones to determine if a potential 
hazard from any fault, whether heretofor recognized or not, exists 


with regard to proposed structures and their occupants. 


ZONING FOR 


SURFACE FAULT 


IN 


HAZARDS 


CALIFORNIA: 


THE NEW SPECIAL STUDIES ZONES MAPS 


by Earl W. Hart, Geologist, California Division of Mines and Geology 


In compliance with the Alquist- 
Priolo Geologic Hazard Zones Act of 
1972, official maps of Special Studies 
Zones, delineated by the State 
Geologist, were released 1 July 1974 
to the cities and counties affected by 
the zones. The Special Studies Zones 
were drawn to encompass potentially 
hazardous traces of the San Andreas, 
Calaveras, Hayward, San Jacinto and 
other faults. 


The Alquist-Priolo Act (also 
known as Chapter 7.5, Division 2 of 
the California Public Resources 
Code) provides cities and counties 
with a means of reducing personal and 
property damage from fault rupture. 
The Act applies to all “new real estate 
developments and structures for 
human occupancy” within the zones 
established. Contemplated structures 
are to be so located as to avoid “un- 
due hazards” that may be created by 
“surface faulting and fault creep.” 


The State Geologist, the State 
Mining and Geology Board, and those 
cities, Counties, and state agencies at- 
fected by the Special Studies Zones 
(tabte 1) are responsible for the im- 
plementation of the Act. The State 
Mining and Geology Board has the 
responsibility of providing “policies 
and criteria” to carry out the law 
(table 2). Affected cities and counties 
(table 3) also may impose more 
restrictive or additional rules and 
regulations to satisfy their local needs. 


The effectiveness of the new 
legislation will depend on (1) local 
implementation of ordinances, and (2) 
geological evaluation of potential sur- 
face fault displacement. Given the 
gencral guidelines set forth by: the 
State, each city and county aftected by 


the new zones will have to adopt ad- 
ditional special guidelines, or at least 
make specific interpretations that will 
enable them to make decisions 
regarding proposed developments. 
According to the State Mining and 
Geology Board, an active fault is 
defined as one which has had 
displacement during Holocene time 
(last 11,000 years) and therefore 


constitutes a potential) hazard. In 
evaluating a fault with respect to a 
given proposed development site, the 
geologist has considerable 
responsibility. In cases where the 
existence of a fault hazard is unclear, 
the local jurisdiction must decide on 
the basis of the geologic evaluation 
whether or not the proposed 
development is an acceptable risk. 


Table 1. 


Summary of official responsibilities and functions required under the Alquist- 


Priolo Geologic Hazard Zones Act. 


State Geologist (Chief, California Division of Mines and Geology) 
1. Delineates Special Studies Zones; compiles and issues maps. 


a. Preliminary Review maps. 


b. Official Maps. 


aviews new data. 
a. Revises existing maps. 
b. Compiles new maps. 


3. Approves requests for waivers by cities and counties. 


State Mining and Geology Board 


1. Formulates policies and criteria to guide cities and counties. 


2 Serves as Appeal Board for appeals that cannot be coped with 
locatly. 


3. Advises State Geologist. 


Cities and couniies 


1. Responsible for local implementation of Act within the Gelineated 


Special Studies Zones. 


Approves permits for development. 


Collects fees for building and development permits to cover admin- 


istrative costs. 


State agencies 


Implied responsibility for siting State structures safely within Special 


Studies Zones. 
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Potentially active faults in California zoned for special studies 


Figure | 


under the Alquist-Priolo Geologic Hazard Zones Act. 


RS 


Faults already zoned 


(Phase 1); 
ovailable 1 July 1974. 


official maps 
Faults to be zoned 1974 - 1975 (Phase It). 


NOTE: 


Other potentially active foults may be 
zoned in 


the future and some of the existing 


zones may be revised when warranted hy new 
fault data. 


(See Table 4 for symbols and list of faults). 
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The CDMG program 


Under the Alquist-Priolo Act, the 
State Geologist (who is also Chief of 
the State Division of Mines and 
Geology) is required to delineate the 
Special Studies Zones and to compile 
and distribute maps of these zones. A 
project team, headed by staff geologist 
Earl Hart, was established within the 
Division to develop a program for 
delineation of the zones. 


It was determined that the faults 
named in the Act--the San Andreas, 
~ Calaveras, Hayward, San Jacinto-- 
could be zoned by 31 December 1973 
with the available funds and staff. The 
zones were delineated on U. S. 
Geological Survey topographic maps 
at a scale of | inch equals 2000 feet 
(1224,000). This initial phase, 
whereby Preliminary Review maps 
were compiled in 1973 and_ sub- 
sequently reviewed and revised for 
issue as Official Maps on 1 July 1974, 
is known as Phase J (see map, figure 1; 
and table 4). 


Phase II of the Division program, 
the delineation of Special Studies 
Zones for other potentially active 
faults (table 4), will be accomplished 
in Fiscal Year 1974-1975 and the 


Preliminary Review maps issued valuation of proposed structure. 
around mid-1975. Following the j ; pe. 
prescribed review and revision 7. Defines a) structure for human occupancy, b) technically qualified 


periods of 90 days each, Offcial Maps 
will be issued at the end of 1975. At 
that time, any newly established or 
revised zoning will become effective 
and the affected cities and counties 
will be required to implement the Act 
within the zoned areas. 


Board, effective 1 July 1974 


Policies 


issuance of Official Maps. 


zones. 


Specific criteria 


an active fault. 


occupancy. 


Geologist. 


Although there are many other 
potentially active faults in California 
that could be zoned, the faults listed 
under Phase II in table 4 include (1) 


Table 2. 


Summary of policies and criteria adopted by the State Mining and Geology 


1. Specifies that the Act is not retroactive. 


.2. Suggests methods relating to review of Preliminary Maps prior to 
Policies and criteria apply only to area within the Special Studies 


Defines active fault (equals potential hazard) as a fault that has had 
surface displacement during Holocene time (last 11,000 years). 


4. No structures for human occupancy are permitted on the trace of 
(Unless proven otherwise, the area within 50 feet 
of an active fault is presumed to be underlain by an active fault). 


2. Requires geologic report directed at the problem of potential surface 
faulting for all real estate developments and structures for human 


3. Requires that geologic reports be placed on open file by the State 
Requires cities and counties to review adequacy of geologic reports 
submitted with requests for development permits. 


Permits cities and counties to establish standards more restrictive 
than the policies and criteria. 


Sets fees for building permits at 0.1 percent of estimated assessed 


geologist, and c) new real estate development. 


all of the known historically active 
faults not zoned under Phase I, and 
(2) major potentially active faults, 
especially those situated in areas of 


Table 3. 


Cities and counties affected by Special Studies Zones 


Incorporated cities 


San Juan 
Bautista 
San Leandro 

San Pablo 
South San 
Francisco 
Union City 
Walnut Creek 
Woodside 


Pleasanton 
Portola Valley 
Redlands 
Redwood City 
Rialto 
Richmond 

San Bernardino 
San Bruno 
ESA JOSe 


Martinez 
Millbrae 
Milpitas 
Morgan Hit 
Oakland 
Pacifica 
Palmdale 
Palo Alto 
Pinole 


Banning 
Benicia 
Berkeley 
Burlingame 
Coachella 
Colton Hercules 
Concord Hollister 
Daly City Indio 
Desert Hot Springs Loma Linda 


El Cerrito 
Fairfield 
Fremont 
Hayward 
Hemet 


Counties 
Alameda Kern 
Contra Costa Los Angeles 
Humboldt Marin 
Imperial Mendocino 


Santa Cruz 
Solano 
Sonoma 
Ventura 


Monterey 
Riverside 

San Benito 
San Bernardino 


San Diego 
San Luis Obispo 
San Mateo 
Santa Clara 
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current development. The zoning of 
fuults in Phase Tl will be done on a 
priority basis according to the man- 
power and funds available, and 


existing data. 


In the meantime, the State 
Geologist will continue to review new 
information and revise existing 
Special Studies Zones as necessary. It 
is planned that copies of all geologic 
reports submitted to the cities and 
counties for the purpose of obtaining 
permits for development will be kept 
on open file at the Division’s San 
Francisco office in Room 1016, Ferry 
Building. 


Available information 


For those readers interested in 
obtaining more detailed information 
on the Alquist-Priolo Act and the 
Division’s program, the following 
references are available: 


1. Index to maps of Special 
Studies Zones (containing sup- 
plementary text of the Alquist- 
Priolo Act, Policies and Criteria 
of the State Mining and Geology 
Board, and a list of cities and 
counties affected by the Special 
Studies Zones), Calitornia 
Division of Mines and Geology 
Special Publication 42. Price: 
$1.00, plus tax. 


2. Maps of Special Studies Zones 
(sce Index map). Full scale maps 
(i inch equals 2000 feet) may be 
consulted at offices of the cities 


Table 4. 


Faults to be zoned for special studies (on priority basis), under Alquist-Priolo 
Act; CDMG program through 1975. See figure 1 for location of faults. 


Fault 


Phase | (zoning complete): 
Calaveras 


Map symbol 


(includes Green Valley and Concord) 


Hayward 
San Andreas 
San Jacinto 
(includes: Imperial 
Superstition Hilts) 


Phase I! (1974-1975): 
Antioch 
Buena Vista 
Elsinore-Chino 
Fort Sage 
Garlock 
Kern Front 
Manix 
Malibu Coast-Raymond 
Newport-Inglewood 
Owens Valley 
Rogers Creek-Healdsburg 
San Gregorio 


Sierra Madre-Santa Susana-Cucamonga 


(includes “San Fernando’’) 
Whittier 
White Wolf 


and counties affected by the 
zones (table 3) or at any district 
office of the California Division 
of Mines and Geology. Individual 
copies may be obtained from 
many local jurisdictions or they 
may be purchased commercially 
from Blue Print Service Com- 
pany, 149 Second Street, San 
Francisco 94105 (attention: 
Ellen Schermerhorn; phone: 415- 
495-8700). 


3. Explanation of Spectal 
Studies Zones Maps, Free. 


4.) Guidelines to geologic and 
seismic reports. CDMG Note 37. 
Buece 


5. Model ordinance for cities and 
counties to implement the Alquist- 
Priolo Act. This is an intormal set 
of regulations for quidance pur- 
poses only. Price: $0.25. 


[reins 34 = and) Se canbe ob 
tained at CDMG district offices or by 
mail from California Division of 
Mines and Geology, P. O. Box 2980, 
Sacramento, Calttornia 95812. a 
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MINERAL AND 
ENERGY | 
CONFERENCE 


The Pacific Southwest Mineral 
and Energy Conference will be held 
11.12, and 13 November 1974 at the 
Hilton Hotel, Los Angeles, California, 
The American Institute of Mining, 
Metallurgical and Petroleum 
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Engineers, and the Western Oil and 
Gas Association, join the U.S. Bureau 
of Land Management and the Califor- 
nia Mine Operators Association in 
sponsoring the event. 


The program will be geared prin- 
cipally to energy minerals, covering 
geology, mining, environmental con- 
siderations and management. 
Speakers are nationally recognized 
authorities in their field from top 
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management in industry and govern- 
ment. This biennial conference will 
provide government and industry with 
a meeting ground for the exchange of 
ideas and information regarding 
mineral production and management. 


For further tnformation contact: 
G. W. Nielsen, U.S. Bureau of Land 
Management, 2800 Cottage Way, 
Room E-2841, Sacramento, Catifor- 
nia 95825. 8 
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I. INTRODUCTION 


ee 


Government Code Section 65302.1 requires a safety element of 
all city and county general plans as follows: 


"A safety element for the protection of the 
community from fires and geologic hazards 
including features necessary for such) pro= 
tection as evacuation routes, peak load, 
water supply requirements, minimum road 
widths, clearances around structures and 
geological hazard... 


The Guidelines (California Council on Intergovernmental Relations, 
1973) for the preparation of local general plans states thaw: 


"The objective of this element is “to “intro- 
duce safety considerations in the planning 
process in order to reduce loss of Life; 
injuries, damage to property, and economic 
dislocations resulting from fire and dan- 
gerous geologic occurrences." 


Based on the interpretation of the legal context of these guide- 
lines, the Public Safety Flement is defined to include the 
following: 

A. General policy statement Chav > 


) Recognizes safety hazards 

). identifies goals for reducing hazards 

\_ Specifies (the; levelof acceptable risk 

) Specifies objectives to be attained in 
reducing safety hazards as related to 
existing and new structures 

(S\ssSetSapricpities fOr slne abatement of 

safety hazards, recognizing the variable 

frequency and occurrence of. hazardous 

events. 


( 
( 
( 
( 
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B. A map showing the location and extent of known 
geologic (and fire) hazards. 


Cc. Standards and general criteria for land use and 
eirculation relating to: 
(1) Fire prevention and GOmur Ou: 
(2) Geologic hazards 


Il. FIRE HAZARDS ANALYSIS 


A. INTRODUCTION 


The major emphasis in this investigation is the analysis and 
evaluation of fire hazards -originatine in boil the developed 
and undeveloped areas in the Cities of Alhambra, Arcadia, 
Duarte, El Monte, Monrovia, Monterey Park, Pasadena, San Gabriel, 
pan Marino, Sierra Madre, South Pasadena, and Temple City. 
These cities, locavegwinm thessanwiGabeiel. Valley... Conrad Wad 
Variety of land uses Panging, trom industrial fo Jow dens ivy 
Single family developments. They also contain fairly exten- 
Sive tracts of open space that extend into the San, Gabriel 
Mountains and the Puente and San Jose Hills. This varied land- 
scapedinvolves: the, volevor fire as. Doth a natural. process, and 

a. hazard . 


fires in Undeveloped areas resuly, fromthe tenipien co, accumu 
lated brush and woody material, and are appropriately termed 
"wildland fires". Such fires can burn large areas and cause 
considerable damage To Doth, Structures and valuable. Wwatersned 
(Pire and Flooding Hazards, Plate I1). 


Urban fires usually originate from sources within the struc-— 

tures themselves, such as, smoking in bed, appliance malfunctions, 
faulty wiring, children playing with matches, and the improper 
use of flammable liquids. Fire hazards of this type are related 
tO specific sites and structures, and do not Lend themselves 

tO wan area—-baced fire hazarc Zoning. (For thar reason... bne 1d ie 
cussion of structural fire hazards will be limited to the text, 
while that of “wildland fires” will also imclude an evaluation 

Of ye wareal distri but tom on tie nazara Vevel. 


B. WILDLAND FIRE HAZARDS 
i Hacerds pevEine 


The study area can be classified into three basic physiographic 
units: the San Gabriel Mountains, the eastern San Gabriel 

Valley, and the San Rafaél Hills. The major fire threats originate 
in the steeper slopes of the San Gabriel Mountains on the north 

and the vegetated slopes im the Puente Hilts on the south. The 

San Gabriel Valley, located between these two hilly areas, is 

not completely free from these fire hazards, as windborne embers 
may travel long distances and ignite rooftops and grassy lots 
within urban areas. 


The type of vegetation Varies in the hilly perts oF the study 

area and sizeable differences occur “in the “density onthe vere— 
tation. These differences along with the diverse slope conditions 
create several distinguishable Vevels of fire hageard. *such ac 
exireme, high, medium, and low. 


Urban development in some localities has extended into the 
canyons of the study area and has reduced the fire hazard by 
removing the vegetation. However, Tie has we lSscminerouuced 

the human element into more outlying locations, thus increas- 
ing the hazard. In some cases, these divergent relationships 
have reduced the possibility of wildland fire, but EM InOST , 
they have enhanced the hagardmet fire. 


2. Historical Record 


Fire records maintained by the Los Angeles County Fire Depart-— 
ment between the years 1919 and 1973 indicate that large por- 
tions of the study area have been subject to wildland fires of 
100 acres or larger. Figure 1 shows these locations. Dut 

more importantly, it demonstrates that some areas have exper- 
4enced fire on a recurring basis. Such areas have a propensity 
for fire, and must be considered very hazardous from the 
standpoint of the "wildland fire" hazard. 


3. Factors Affecting Fire Hazard 


Several factors affect the hazard potential one can expect 
from a wildland fire in any given area. These factors THe LUude 
human proximity, vegetation, wind direction, Slope, and 

access to the area. They are discussed in detail dn the 
following sections. 


aw s Human Proximity 


The most significant factor determining overall fare risk is 
human proximity. The human element is oftenseoneributory in 
the ignition of major brush fires, as evidenced by the abun- 
dance and frequency of burns in the Vicinity of residential 
neighborhoods. The most frequent contributor to this factor 
of fire hazard appears to be the unsupervised activities of 
children playing with matches or lighters. Cinders from wood- 
burning fireplaces that remain alive and travel considerable 
distances have also been blamed for fire-starts near residen- 
tial locations, but fully 90% of the local fires in the study 
area have resulted from human activities near the. interface of 
wildland areas and urban locations. 


Human proximity also tends to introduce the activity of off-road 
vehicles such as motorcycles and minibikes in nearby open areas. 
This is becoming an ever-increasing source of brush Eiresseln 
the urban-wildland interface. 


Accidents related to industrial activities such as spark dis- 
charges from transmission lines and flammable leakages from 
pipelines in, and adjacent to, brush-covered areas, serve to 
increase the potential for fire. 
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b. Vegetation 


The density and distribution of Megetaulonscan, det ine pov Une 
overall hazard of fire in a particular area and the intensity 
of fire which ensues. The vegetation of an area determines the 
fuel and spreading potential and can decide the recurrence 
intervals one can anticipate between outbreaks of fire. In 


the study area, four major plant communities determine the various 
fuel potentials of the area. 


Chamise chaparral is the most hazardous plant community encountered 
in the area. Chamise contains a large percentage of volatile 
Cilia, Within tus bissues, Uhat can ignite with a great deal of 


vigor. Fires in overgrown echamise areas are characteristically 
very hot and burn with a high invensivy . 


Chamise is a root-sprouter and this Capabiiavy allows vlte 
community to re-establish ae such that in the span of four 
torbivemycame. CeWwosa eis 7Ol the original burn can be seen. 
Another facet of the Chamise Chaparral plant community which 
contributes to its fire potential is the relatively dense, 
impenetrable nature Of i1ts stands, where Tire can easly spread. 
Stands of chamise are usually quite pure eno often this Species 
will comprise upwards of 80-90%. of the) torel mumber? or plant 
species present in 4 given area. This stable fue lL supply is 
conducive to widespread burning. 


Coastal chaparral plant communities are characterized by dense 
Gane Ves tom hard-leaved, evergreen shrubs. This community is 
characteristically more mixed in terms of species makeup, and 
often these various species will form mosaics within the 
community. 


In terms of flammability, the hazard potential of ecousval 
chaparral is second Only to cChamise. Certain, species 17) 
coastal chaparral are able to renew themselves through root- 
sprouting and other depend. Upon tire tor seedling germination. 
As in chamise chaparral, the tissues gumany Of these spec tes 
contain volatile oils capable of fueling very hot wildland 
ionic ea, 


Only two factors relegate coastal chaparral to a secondary 
position behind chamise chaparral as fire-prone plant community. 
The first of these is the more diverse nmavure Of the coast 
chaparral community. More types of plants are usually encountered 
in a coast chaparral, and this diversity makes the fuel poten- 
tial of the vegetation less uniform; thereby slightly lowering 

it eet trespoventsalk., in Sdcdats-One amore sAgnirieant, pactvor is 

the larger amount of moisture that is retained in the leaves 

and woody tissues of coast chaparral plants which serve tO 

retard fire more than in chamise areas. 


Coastal sage scrub plant communities are the most abundant 
plant forms encountered in the area, and differ from coastal 
chaparral in that the shrubs are smaller (1-5 feet high), 
NOt: aS Woody "and stiri. “andy more widely spacedm ils lensa ty 
factor alone with the cilishtly dower overall neiehy and mass 
of the community make it a lesser fire hazard than the two 
previcusly discussed plant communivies. Howevery coast, sage 
communities should not be disregarded as a substantial fire 
hazard, 10m they too can ‘burn Withed “ereat deal eis vizor and 
renew themselves in as short a time as three years after a 
Biniens 


The woodland-grass vegetation community ranks as the fourth- 
most. flammable plant type found in the study area. Composed 
of sycamores, liveoaks, canyon oaks and associated grasses 
and Shrubs, this conmunity is found along the moister slopes 
and drasnages 02 the study area.  ~irees Chbviously contain 2 
great deal of fuel potential, but seldom do they ignite in 

@ brush fire savuapion. This factor along wivh their aimed 
distribuvien in phe soudy area. Lowers thelr overall hazard 
POvCehua al. 


Gn. Wind Wire Gaon 


Wind direction and velocity rivals vegetationend Hunan rox 
Hlty 45> beinee bie most Sienin cance tactor al fecruing. wiscesinazard, 
Although the study area has a predominate westerly breeze 

flow, the bulk of the fire outbreaks accompany the warm, dry 
easterly wind conditions commonly referred to as the Santa 

Ania Winds. Therefore, those areas that lie to the west of 
potential Tenition points Or fine ‘sources: become fevem more 
hazardous. Winds that intensify fire hazards add a time dimen-— 
sion to the analysis because they contribute to wildland fire 
hazard Omly during Certain Seasons of the year. 


Ge So LOpe 


Slope is the fourth major factor as it affects both the 
accessibilivy of fire and: draft, which, an turn, atfects the 
intensity wom) burning. “Whis is especially important siuucany en 
areas where the siope and topography can cause significant 
drafts that inerease the vigor of combustion. Slope is also 

a factor Bffecting accessibility as discussed in, (he mext sec— 
UL OM, 


e. Access 


Aceess’ is the factor that describes the relative rd@iriculuy of 
delivering both equipment and personnel to a fire. Containment 
being a key objective, those areas of limited accéssibilivy 
have a correspondingly greater potential for fire-spreadins 
than those more accessibie locations. 


In the study earea, wiewtactor controlling accecun 1s. Opes 


Te. amoung Of SlOpe in a Tire burn ares can devermine ene cree 


of heavy equipment that can be used. The Los Angeles County 
Fire Department has developed the following basic slope classi- 
fications as they relate to accessibility. 


extreme = HO+% 

high = 20-40% 
medium = VO=20% 
low = 0-10% 


i Hire Raske Ratings 


The fire risk zones shown on The Fire and Flooding Hazards Map, 
represent a compilation of data regarding the primary facvors of 
human proximity, vegetation, wind direction, slope and access. 
These factors are ranked in impomcance: 1 roughly the same order 
as presented. However, fire risk analysis treats each factor 

as a mutually exclusive variable. Human proximity mighv be 
"more important" than slope on a general level, but conditions 
exist where the degrees of slope could become the predominant 
factor in the risk determination process. Therefore, each 
factor can vary in relative importance depending upon the specific 
conditions and characteristics of the area. The following pro- 
files exemplify the types of conditions expected in each zone: 


Extreme Risk 


Vegetation: Chamise-coastal chaparral 

Proximity: fronting developed areas 
and/or west of potential 
ignition sources 


Aecess: very limited 

Slope: HO%+ 

High Risk 

Vegetation: Coastal chaparral-Coastal Sage- 
Woodland 

Proximity: near developed areas 

Access: limited 

Slope: 20-40% 


Medium Risk 


Vegetation: lesser developed scrub 

Proximity: lying within the urbanized 
portions of the Srudy eared 

Aecess : aver lable 

Slope: 0-20% 

Low Risk 

Vegetation: vacant lots and landscaping 

Proximity: urban areas 

NC Ges si. avallLabple 

SLOpes negligible 
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The fire risk zones portrayed on Plate IL represent an 
approximate delineation of the categories being considered. 
They are not meant to be precise or specific alignments, but 
rather approximations that delineate fire propensities. 


Urban ‘site conditions are too detailed Go be Considered or 
SHOW™ al bnhe Scale Of Lhe=maps used in this svudy., “Thereiore, 
certain areas within the "low hazard" zone may be highly 
Nazardouss conversely, Local site’ Condivions. In areas: wEtain 
"Hien hazard” onesmmay preclude the possibilivy of fire, thus 
reducing theyneed or moncastringent Tire conurols. “in bern 
Cases, consideration must. be given to both on-site and 
adjacent: -condipions. 


C. URBAN FIRE HAZARDS 


is shazards Seubi ng 


Fire has long been recognized as an especially dangerous threat 
in Urban areas. As populavion “concentrations increase: in 
buLlt-up areas; whe faccors Necessary fom “ime denivlom increase, 
as dO the ‘chanees of “a Pure vspreadime capldly once. 10 starve. 

The factors of population, material, and energy concentrations 

in cities mean that loss of DPife, anjury, and property damage 
from fire are ereater in urban areas as weld . 


The Cities in the study area are located on the eastern edge of 
the largest urban complex on the west coast. The area does 
havea: Propensity for majormeiinres, specially during its Long, 
hot summers. On the Cther iand, theslow density of the puale—-up 
areas, the quality Of fare control vacencies., and high standards 
of fire prevention tend, to Minimize the potential number and 
degree of damage of these fires. 


on Fire Hazardous Buildings 


These buildings are ones having) open stairwells, substandard 
electrical wiring, or faulty heating systems. A common example 
of a fire hazardous building is the older, multi-storied hotel 
converted GO. permanenGsresidenvilalmuse. Usually shor iine poor 
or elderly.” These older buildings are abso Used by (seme 
commercial or industrial ~enterorises., Upon Tent t on, ire 
spreads rapidly Throupn, such pusidings. 


ae Khesidentiads buiiloings 


pingle=-Tamily devached Houses form a-major porbion oF the 
housing stock in the study area. Fires occur in private homes 
from a variety of causes, human carelessness chief among them. 
More lives are lostein residenviad tires (han in-any ovner type 
of fire. One particularily dangerous hazard an residents t 

fires is the use of untreated wood shingles in roof construction. 
Windy conditions could spread the fire to a large number of 
other houses where this type of roof 1s common. 


b. Multi-Story Buildings 


Buildings over 5 stories pose difficult fire control probilens. 
The large number of occupants and their dependence on internal 
support systems such as water pressure systems, venti bation 
systems, and elevator systems increase the potential for ais= 
aster. Adequate response to high-rise fires require improved 
internal extinguishing systems and special equipment such as 
helicopters and aerial ladders. 


¢. Hospitals and Medical Pacilities 


These facilities present critical fire control problems. Damage 
to sophisticated medical equipment by fire tareatens the lives 
Of present and future patients. Those mentally or physically 
debilitated cannot react during crisis in a way that would 
ensure minimum safety standards. In times of emergency, ail- 
ments are aggravated by stress, and the medical stait is usually 
inadequate to provide enough aid and SuTdance. 


ad. Indoor Public) Assembly Facilities 


Public assembly facilities are defined as those in Whiieh large 
numbers of people congregate in generally unfamiliar surround-— 
ines. They include echools, theaters, churches, temples, and 

a variety of recreational facilities. Gatherings Of Large 
number of people in these buildings create conditions Conumer Ve 
£0 mass panic in a crisis, which only worsen and imerease The 
casualties. Administering medical aid is made more difficult in 
these situations, as well. 


e. Industrial Fire Hazards 


Potentially hazardous industrial operations encountered in 

the study area include utility lines such as gas lines and 
overhead electrical power lines. While the normal Construction 
of utility lines provides a good degree of safety, gas Lines 

do break and power lines do come down causing fires. 


Another aspect of industrial fire hazards involves the trans- 
portation of industry-related, flammable materials on the major 
highways and freeways of the area. Regulatory powers that 
govern the transportation of these materials are the responsi- 
Pality of State and Federal agencies, however, Local fire: and 
police departments are called upon to safeguard public safety 
when hazardous situations develop. 


5. oazerds Reduct.ion 


Fire hazards can be minimized in two basic ways. The first 
method involves the reduction of fire starts. Preventative 
fares convroi; (as itis, termed, emphasizes “sarevy ie the desien, 
maintenance, and use of structures. Proper safety measures 

ean etfectively prevent the possibility of fire. 


The second method of hazards reduction emphasizes the effective 
response aspect of fire control. Effective response can be 
assisted by providing necessary access and adequate amounts 

and pressures of water. The County of Los Angeles Fire Depart- 
ment has established Uniform standards Tor fire provection 

thay relave these aspects Of fire contro. CoO Various types 10. 
land uses. 
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TII. FLOOD HAZARDS ANALYSIS 


A) INTRODUCTION 


Flood hazards in the study area can be divided into three 
types: 1) natural floods that may accompany intense storms 
in the area; 2) mud and debris flows; and Saji flocds: thar 

may occur in the unlikely event that a dam Hocated either 

in or upstream of the study area should Pons soya ae hae 
sense, mud and debris flows are not flooding; but. since They 
result in part from heavy rains and often accompany floods, 
they are included here as avpart Of £lood hazards) anelysas. 


B. NATURAL FLOODING 


Southern California is periodically subjected to intense rain- 
fall which can cause severe flooding if adequate control is not 
provided, This problem has been mitigated by the construction 
and maintenance of stream channel improvements along the major 
Crartages* in une resions 


Flood containment along major creeks and rivers that pose a 
threat to urbanized areas normally involves preparing Or Wane 
Standard Project Hlood. This flood is detimed py cone Corps 
of Engineers as follows: 


"Standard Project Flood. The flood that may be expected 
from the most severe combination of meteorological and 
hydrological conditions that are considered reasonably 
characteristic of the geographical area in which the 
drainage basin is located, excluding extremely rare 
combinations. Peak discharges for these floods are 
generally about NWO=S60 percent of the Probable Maximum 
Floods for the same basins. As used by the Corps of 
Engineers, Standard Project Floods are intended as 
practical expressions of the degree of protection that 
should be sought in the design of flood Sonurol. works, 
the failure of which might be disastrous." 


Major flooding as a resulv of levee breaks during a Standard 
Project Flood is not a major problem in the area, but eould 
occur locally. The levee extending westward from Highway 39 

is vulnerable to strong flows of flood water because Le eee he 
first unnatural confinement of the river. Should the thevee 
break here, a large part of Azusa would be inundated, including 
ayeeresecacteot SanbavrenDam, ) "However, a2 levee break at this 
location would probably reduce the flood force on the Van Tassel 


ia 


levee farther downstream, thereby reducing the hazard to 
be Dabo wo, ua Te. 


The effect iotMany dkarse Tlood on whe -study area depends on 
the avettable capacity or the nine flood, control dams serving 
the area. Since they have a combined storage capacity of 
58,000 acre feet, the retention of some of the flood tlow anal 
these reservoirs could greatly reduce the fleod, Tlow, into 

the study area. 


The tlood hazard that is ‘the most commom in the study area as 
standing water resulting from temporary blockage or inadequate 
Capacity Of Storm sewers. Pilood Hazard Boundary Maps prepared 
by the Federal Insurance Administration or the Us. Department 
of Housing and Urban Development delineate areas in which 

THis ytype Or flooding Ws senpected Lo Occur during @ flood 
likely to occur once every 100 years (Intermediate Regional 
Flood). These maps are available for the local cities at 
scales of 1" = 1000 feet and 1" = 200 feet. Several locations 
within the study area are prone to inundation by standing water, 
and tilood hazard insurance is required for certain types of 
Larniatiei ge cor COneUrUeh Om. 


C. MUD AND DEBRIS FLOWS 


Mud and debris flows involve very rapid downslope movement of 
Saturated soil, subsoil, and weathered bedrock. They ordeinace 
in hillside areas where the soil horizon is well developed but 
the soil has poor drainage characteristics. Because of the 
speed with which they move, mudflows can be CUiteresunucr ives 
especially along the bottom and at the mouths of canyons. 

Large mudflows may have the energy to uproot tees and Toccarry 
along boulders several feet in diameter. 


Mud and debris flows are more likely to occur after a fire. 
The removal of vegetation by fire lowers the Soe ite Cur 
exposed soils and lessens the water-holding capability of the 
local watershed. 


By their nature, mud and debris flows link aspects of geologic 
hazard, flooding potential, and fire hazard into a fourth safety 
consideration. however, the basis of mudflow hazards is 

related more closely to geological conditions. For that Reason, 
the discussion of mud and debris flows in amplariedian the 
Landslides Section of the Seismic Safety Technical REpore. 
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D. HAZARDS FROM DAM FAILURE 


Section 8589.5 of the Government Code, which became law in 


1973, requires all dam owners to submit to the ovate Oriice oF 


Emergency Services (OES), maps showing areas that would be 
inundated given an instantaneous collapse of their respective 


dams. Large dams are categorized with nuclear reactors, power 
intertie systems, and plants manufacturing explosives as struc- 
tures whose continued functioning is critical, or whose failure 


Might be cavastrophic. Although this vype Of “ealasurophneews 


highly unlikely, the nature of the hazard is Such chau uo snoudd 


be considered. 


The collapse of a dam, an event of unforeseen severity, would 
create an inundation several magnitudes greater in area than 
4 flood Gauseds by heavy wains: Records from=the 1928 failure 
of the St. Francis Dam (capacity 32,000 acre-feet) describe a 
flood flow of 500,000 cubic feet per second, and a "wall" of 
water over 100 feet high in the confining canyon (Report of 
Commission 1928). It should be stressed, however, that none 
Of the.dams affecting the study area should fail, based upon 
Current evidence, 


Pertinent characteristics of the large dams and reservoirs in 
the study area are summarized as follows: 


Drainage 
1 Year Area Sq. 
Dam Owner Type Capacity Built) Height Mile 
Devils Gate? LACFCD  Concr. Grav. 2709 1920 103 32 
Eaton Wash2 LACFCD Earth 725 1936 63 9 
Morris MWD Concer. Grav. 35,100 1935 143 210 
Morris S. Jones2 Pasadena Earth 154 1952 49 = 
Puddingstone2 LACFCD Earth 17,000 1928 147 19 
San Gabriel2 LACFCD Earth-Rock 53, 300 1938 320 203 
Santa Anita2 LACFCD Concr-Arch 587 1927 BIS iil 
Santa Fe Chaopemee Earth 33,000 1949 92 321 
Saw Pit LACFCD Concr-Arch 476 1927 147 3 
Sierra Madre2 LACFCD Concr-Arch 41 1928 70 2 


Data from: California Department of Water Resources (1974) 
Los Angeles County Flood Control District (1973) 


acre feet 


mapped 


aS 


The Flood Inundation portion of Plate II identifies the areas 
that would be inundated should any one of these dams fail. 


Assumptions involved in preparing the maps, as well as the 
nature and extent of each mapped or unmapped inundation areas, 
are given in the following paragraphs. 


A failure of Devil's Gate Dam would be largely contained within 
Arroyo Seco and would last approximately 40 minutes. 


if Havon Wash Dam were;ito fail, aiflood lastingsapproximately 
one our WwoOuldyoccur iin the areas, of Sterra Madre and Hast 
Pasadena. 


A flood resulting from the failure of Morris S. Jones Reservoir 
would be contained in the Cities of Pasadena and Arcadia along 
a seties Of irregularly-shapéed narrow corridors, roughly 
paralleling Hastings Ranch Drive, Rosemead Boulevard, Sierra 
Madve Villa, Sierras Madre Drive, Michilinda Avenue, and Monte 
VerdesDeives “Ihe Flood would dissipate in the area near the 
Arboretum and last approximately 16.4 minutes. 


A flood from Puddingstone Dam would spread out from Walnut 
Creék channel and eventually inundate parts of the cities of 
lia Puente, Baldwin Fark, Industry, and possibly Bl Monve and 
South El Monte. 


In the event of a failure of the Morris Dam and/or San Gabriel 
Dam, parts of the City of Duarte would be inundated. ‘The entire 
flood would last less than one hour. The velocity and height 

Of Water would’ rapidly diminish at: the mouth of San Gabriel Canyon 
and spread out Haterally.. The central part tofvethe flood) wave 
moves faster than the periphery and would do considerably more 
damage. 


Note: It is assumed that if Cogswell Dam (capacity 10,400 
acre-feet) should fail, its volume would be contained in the 
San Gabriel Reservoir. 


santa Anita Dam stores approximately 587 acres of water at 
maximum Pill. A failure of this. structure would inundate fairly 
large port lone .or Arcadia and Monrovia ‘and last approximately 

40 minutes. Most of the flooding would occur between Arcadia 
Wash and Myrtle Avenue. The presence of the Foothill Freeway 
would serve to deflect a portion of the floodwaters in a more 
easterly direction. 


If Santa Fe Dam should fail (Inundatiom map not available), 

parts of the Cities of Irwindale, Baldwin Park, Arcadia. 20 
Monte, South El Monte, West Covina, La Puente, and Industry 

would be Inundated. This event is ttehly unlikely becauge 

waver 1s not sbored sin Santa He Reservoir, but is rapidly 
released into downstream spreading grounds and channels to 
prepare for the next storm inflow. Thus it is extremely unlikely 
that a dam-destroying event, which itself is very unlikely, 

would occur at a time when there was a sufficient volume of 

water in the reservoir to inundate the downstream area. 
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if Gawpiv Dam were to fail, une ensuing flood would last approx- 
imately 25 minutes and be largely Convained within Une area 
bounded by Santa Anita Wash and the Santa Fe Flood Control Basin. 
Such a flood would inundate portions of Monrovia, Duarte, 
and Bradbury. 


A failure of Sierra Madre Dam would inundare a portion OF 
Sierra Madre and Arcadia for a 15 minute length Of “Ga tie. 
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CONCLUSIONS 


WILDLAND FIRE HAZARD 


Ly 


The most fire-prone areas in the study area 
are locaved an the san Gabriel Mountains. “The 
abundance of available fuel, and steep topo- 
graphy are primarily responsible for this high 
Level sor risk. 


High and medium fire risk areas occur in the 
chamise-covered slopes in the San Rafael Hills. 


Man-related activities rank as the chief cause 
of fire in the study area. 


significant portions of the urban parte of 
the study area would be exposed to med- 

ium fire risks from embers carried aloft and 
aver deposited by Santa Ana inde. 


URBAN FIRE HAZARD 


ay 


The most common fire-related hazard in 
Lhe “Study area is Urbam Lire. 


The most frequently encountered type of 
Urban tare 18 Ghat an residential putida 
incs’ 


Human carelessness ranks as the chief cause 
of Urban Tire An the study area. 


FLOODING HAZARDS 


1S 


The most commonly encountered flood problem 
iieunNe Sspudy rarea=is Anuindation py standing 
water resulting from inadequate storm drain 
Cave Ca.ny. 


Major flooding As: 4 result of levee failure 
is NOt expected to be a significant 
problem. 


Large portions of the study area would be 
affected in the event of a failure during 
periods of peak loading of any of the major 
dams located in or upstream of the Study area. 


Mud and debris flows can occur in the TE 
portions of the study area. The potential 

for mud and debris flow increases following 
wildland fire damage. 
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Access 


Aspect 


Caltifornaa 
Chaparral 


Chamise 
Chaparral 


Coast Sage 


Dam 
Inundation 


Fire Flow 


Fuel 
Potential 


Human 
Proximity 


Mudf low 


Slope 


Urban 
Fire 


The ease by which men and equipment can be 
delivered to a fire situation. aieciera Ker 
tural fires, access is subdivided into 
common vehicular access (the emergency use 
of public and private streets and driveways) 
and restricted vehicular access (the use of 
exclusive: Lanes for fire fighting purposes). 


The direction in which a particular slope 
faces. 


hi fire prone plant community characterized 
by vegetation dominated by shrubs or uecees 
with broad, leathery, evergreen leaves. 


A chaparral plant community dominated by Lae 
abundance of chamise. Tt io the most fire 
prone plant community in Southern Cala fornids 


Commonly encountered plant community char- 
acterized by half-shrubs, forming a more- 
open plant community than chaparral. 


Downstream flooding that would occur given 
a structural failure of a dam. 


Refers to delivery rates of water that 
should be maintained to adequately halt and 
reverse the spread of fire. 


The amount of combustible plant material that 
Gould ect. as fuel Tor a ieee 


A measurement of the amount of contact between 
humans and flammable plant communities. . 


Rapid, downslope movements of saturated Syovalle 
sub-soil and weathered bedrock. Common in 
Hilly locations quieted Lire. 


Factor in fire analysis that identified the 
contribution of topography such as canyons 
ard hiLisidées to local fire hazard. 


Fires in urban areas thearOnrLe nave Demers Ly 
in, or around, Sturucvures:. 


Watershed - 


Wildland 
Fire Hazard - 


Woodland — 


A topographically-defined region draining 
into a particular watercourse. Vegetation 
can influence the water-holding capacity of 
a local watershed. 


the’ probability that’ al witdiland habitat, 
improvement or user, will suffer damage or 
injury should “a fire occur. 


A plant community found in the moister canyons 
and drainages and characterized by the 
presence of oaks and other broad-leaf tree 
species. 
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Watershed - 


Wildland 
Fire Hazard - 


Woodland _ 


A topographically-defined region draining 
into a particular watercourse. Vegetation 
can influence the water-holding capacity of 
a local watershed. 


The probability that' a wildland habitac, 
improvement or user, will suffer damage or 
injury should @ firesvoccur. 


A plant community found in the moister canyons 
and drainages and characterized by the 
presence of oaks and other broad—leaf tree 
Species’. 
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PLATE | 
SEISMIC HAZARDS MAP 


APRIL, !975 


Oversized Map or Foldout not scanned. 


Item may be viewed at the 
Institute of Governmental Studies Library, UC Berkeley. 


PLATE I 


FIRE AND FLOODING 
HAZARDS MAP 


APRIL, 1975 


Oversized Map or Foldout not scanned. 


Item may be viewed at the 
Institute of Governmental Studies Library, UC Berkeley. 
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